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THREE FUNDAMENTA!, FEATURES OF NEONTOLOOICAL SYSTEMATICS 

Mayr, Linsley and U singer (1953) defined biological systematics as 
“the science of classification of organisms”. However, the definition is too 
broad beeause organisms can be classified in various ways, according to the 
adopted principle of classification. Among many existing and possible bio¬ 
logical classifications there is only one particular kind of classification, called 
the natural system, which is the subject of systematics as an independent 
science. 

Biological systematics is a science of the natural system of organisms, and 
its branch, ueontological systematics, is a science of the natural system of 
recent organisms. 

The principle of the natural system is not the m*»re resemblanee of organisms 
but their relationship, that is their common origin. In other words, systematics 
classifies organisms not so much according to the degree of their resemblanee 
as according to the degree of their relationship. 

Idealistic morphology (morphological typology) reduces the aim of syste¬ 
matics to the discrimination of “essential” similarities (homologies) from 
“non essentiar’ similarities (analogies). The natural system should be based 
on the principle of a common ]dan of structure, i. e. on the principle of struc- 
ture homology, and phylogeny, in tura, shouhl “translate it into the language 
of the theory of descent” (Remane, 1952). Yet, idealistic morphology is not 
able to give such a definition of homology, which would not refer to the cri- 
terlon of common origin. Remane (1952) who, trying to deduce the idea of 
homology in an empiric way, makes it, in fact, a derivative of the idea of phy- 
letic relationship (ef. IIennig, 1953). 

Since the relationship of organisms is the result of their reproduction, 
the aim of systematics lies in distinguishing the interbreeding organism comm- 
unitie8, i. e. species, and moreover, in classifying the species in higher unita 
of the natural system according to the degree of their phyletic relationship. 

As a community of actually or potentially interbreeding organisms, prac* 
tically isolated from other such communities, the species is a real and objective 
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phenomenon in naturę. It is an erolutionary originated form of existence of 
living beings which reproduee bisexually (Dobzhansky, 1941; Mayu 1942). 
The speeies occupies an exceptional position in the taxonomic hierarchy, 
sińce it is the only category which ean be objectively defined by the criterion 
of interbreeding (Mayu, 1953). The relationships between the individuals of 
an amphigonic speeies are of a reticulate form and, conseąuently, they are 
of a different naturę than the relationships between the speeies and their groups, 
which are presented by the divergent and hierarchie system in the shape of 
a tree (RemaNE, 1952). Though the tree also represents the relationships within 
speeies of either exclusively vegetative, autogamous or parthenogenetic re- 
produetion, but speeies of that kind proved to be far morę rare than it was 
thought. 

The speeies is a stage of the evolutionary process, a state of equilibrium 
in the process, or as it was defined by Hennig (1950), u a state of eąuilibriuni 
between the eyolutional differentiationpressure and the conservative prineiple of 
bisexual reproduetion”. The reality of the speeies does not mean their strict 
isolation in time and space. Biological isolation grows gradually and having 
become established it can be disturbed again. Beeause of that, ineipient speeies 
not always can be distinguished from subspecies or even from races, while 
hybrids of speeies that are feebly differentiated may appear and then to a cer- 
tain extent disturb the diyergent system (Dobzhansky, 1941; Mayu, 1942, 
1953; Hennig, 1950; Remane, 1952). 

Speeies are connected with their ancestral speeies by a eontinuous stream 
of generations, nevertlieless, the degree of reality of speeies is higher than 
that of other taxa*. Sonie deyiations exist here similarly as deviations from 
the intergrity of indmduals or cells, but the speeies remains like the indiyidual 
or the celi, the essential biological unit (11uxley, 1942). Thus, the dynamie 
conception of an interbreeding eommunity does not justify the subjectmstic 
definition of the taxonomie speeies. The taxonomic speeies exists objectively 
as a eommunity of aetually or potentially interbreeding organisms, to which 
the indiyidual designated as a standard of the nominał speeies (type-specimen, 
type) belonged. 

The higher, suprasperific taxonomic units are of merely **relative reality”. 
They exist in fact as monophyletic speeies groups, but their rank in the 
systematic hierarchy cannot be defined objectively (Mayu, 1953). The criterion 
of the period of duration (or time of origin) proposed by Hennig (1950) cannot 
be aceepted on aecount of the inequal tempo of eyolution in yarious groups 
and in different periods of time. The rank of a higher taxon is fixed conveution- 
ally, according to its different iation from other groups and inner differentia- 
tion degrees and to the number of its representatiyes. 


1 Traiisspecific transformations show probably an accelerated tempo, although they 
may be, as a rule, gradual within the lim its of the speciation period. 
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Every liighcr taxonomic unit has a single speeies as its aneestor, eaeh unit 
originating through speciation. Thus, the speeies is the essential element of 
the natural system, and the problem of speciation stands as the chief problem 
of systematics. Phylogenesis consists of a number of rcpcatcd speciations 
(łlENNIG, 1957). 

The natural system representing the mutual relationship of the speeies 
must be consistently ])hylogenetic. It is in accordance with the genealogical 
tree displaying tlie inonophyletic and divergent eyolution of the organie world 
(Haeckkl, 1800). Since the tree is monobasie and ramified as a rule dielioto- 
mously, the natural system must be hierarchie allowing only vertical dirisious 
iuto inonophyletic groups. AU horizontal divisions into polyphyletic groups, 
caused by parallel or convergent erolution, are artificial and cannot be accepted 
as natural taxonomic divisions. 



Fig. 1. Siinple way of speciation (after Hennio, 1053, modified). 

The degree of phyletic relationship of descendent speeies is objectirely 
defined only by the number of ramifieations of the genealogieal tree, dividing 
the descendent speeies from their common aneestor [Fig. 1]. “A speeies 1» is 
morę elosely related to a speeies (' than to any other speeies A then and only 
tłien when it has at least one common ancestral speeies with the speeies C, 
whieh at the same time is not an ancestral speeies of A” (Hennig, 1953). The 
quoted definition of jihylogenetie relationship fulfils the logieal reąuirements 
of the hierarchie system whieh reflects the objectire relations between speeies. 
riassifications based on resemblanee or relationship understood otherwise 
are subjeetive and have no suffieient logieal grounds (Hennig, 1957). 

Deviations from the divergent (diehotomous) system, in whieh every 
ancestral speeies splits into two deseendents, are treated herc as borderline 
eases whieh in prineiple do not eontradict the above definition of the phylo- 
genetic relationship. These deviations are as follows: polytomy, digression, 
succession and bastardization. Polytomy, i. e. radiation [Fig. 2a] consists 
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probabiy, in fact, in the preseuce of minimal distanees between Ilu* neigh- 
bouring ramification point* of the genealogical tree or in a eonsiderable over- 
lapping of tłie speciation periods whieh follow one upon the other. Digression 
of a descendent species froin its ancestor whieh subsequently continnes to 
exist together with the descendent [Fig. 2b] can also be interpreted as a mini- 
nial deviation of one of the two descendent species froin its ancestral species 
(ef. Uennig, 1953). An extreine variety of digression would be represented 
by tłie iteratire origin of species [Fig. 2c], i. e. an independent digression, 
froin the same ancestral species, at different times, of descendent species very 
similar to eaeh other but directly unrelated. Tbis is considered to be a part i - 
cular case of heterochronic parallelism. Succession [Fig. 2d] consists in the 
gradual transformat iou of an ancestral species into one descendent species, 
i. c. without splitting or digression. This modę of species-formation is ]»robably 
morę rare than it is generally assumed according to paleontological data. Morę 
often we are dealing ratlier with a digression of descendent species and a rela- 
tively quick extinction of the ancestral species. Finally, bastardization, i. e. 
interspecific hybridization being a particular case of convergencc widely eon- 
ccivcd (cf. Hi\ley, 1942) consists in the origin of hybrid (polyphyletic) species 
either by the repeated fusion of two previously separated species [Fig. 2e), 
or by cross-breeding of only ccrtain individuals or populations of two species 
[Fig. 2f] or by the joining of certain indiriduals or populations of one species 
to another [Fig. 2g|. Interspecific cross-breedings are fairly common in the 
]>lant kingdom and play there a morę considerable role in evolution (Stebb- 
i.ns, 1950). Mastardization repeated in yarious combinations rcsults in the 
so-called retieulate evolution (IIvxley, 1942) resembling the eyolution of 
raccs within a single species. In the evolution of animals, however, bastardiza¬ 
tion seems to be scarcely of any importance. Interbreeding comnmnities that 
are not com]detely isolated in naturę may be regarded here as incipient species 
bordering on the stage of raees. 

Admittiug certain cases of polyphyletism of species, we reject, however, 
the polyphyletism of liigher taxonomic units sińce, in fact, they always 
originate from single species (though sometimes froin polyphyletic species). 
In cases wlien we notice that the developinent from genus to genus, from fa- 
mily to family, etc., ]>roceeds along many parallel lines (Sihindewolf, So- 
bolev), this can be explained either by the existing classification being arti- 
ficial or by the fact that the prineiple of the natura! system is not respected. 
“(hitting off and binding” <»f unconnected though very dose and ])arallel 
branches of the genealogical tree of species means cstablishing of |)olyphyletic 
groups as well as preference of morphological resemblance to relationship. 
Hesides, phylogenetic parallelism never affects all characters of the organisms, 
but merely sonie of thein. Just bccause of the different intensity of this pa¬ 
rallelism horizontal dirisions are always morę or less arbitrary. Thus, they 
can neither be respecteil nor acknowledgcd as taxonomic dirisions (as Httx- 
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lky, 1942, or Mayr, 1963, insist). Conversely, they should be abolished as 
species relationships are better known (cf. Remane, 1952). Parallel evolution 
is an objective and widespread phenomenon, yet horizontal dmsions do not 
reflect the phenomenon but, on the eontrary, they confuse it as well as obscure 
the natural relationship of the species. If too scarce an attention bas been 



e f g 

Eig. 2. Borderline rasę* of speciation: a polytomy 
(radiatiou). b — digression, c iterative apecies-for- 
ination, d aucceaaion, e, f, g haatardization. 


paid to the universality of parałlelisms so far, it is due to the confusion of 
vertical and horizontal divisions, which the existiug taxonoinic arrangement 
presents. 

A natural system which should display the wholc of the genealogical tree 
of the organie world is the common aim of botli paleontology and neontology. 
Suoh a „three-dimensional” arrangement results as a combination of “two- 
dimensionar’ arrangements which give horizontal cross-sections of the genea- 
logieal tree, at particular time levels. The highest of these cross-sections, the 
one which is reached by the tips of all the Imag branches of the tree, corres- 
ponds to the natural system of the recent organisms, constructed by neonto- 
logical systematics. We project the tree upon a plain and then, by shifting 
such a plain cross-section of the tree to a straight linę we obtain a linear 
system [ef. Fig. 1]. 

To build such a linear system of recent species, neontological systematics 
must therefore reconstruct tlieir genealogical tree starting back from the 
tips of its living branches. Up to a certain extent, the principle of the “three. 
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fold genealogical paraller’ (dreifacbe genealogisehe Parallele; Haeckel, 1HH0) 
suggested the method by whieh the task eould b© realized, and the ])rineii)le 
of “parallel between phyletic (j>aleontologieal) and systernatic (speoific) de- 
velopments v ’ in particular, the latter being understood by Haeckel as the 
natural system of recent organisms. Owing to the irregular tempo of evolutiou, 
the various side branehes of the genealogical tree deviate from the aneestral 
branehes not only in different directions but also to a different extent. Thus, 
the natural system of recent animals and ])lants provides us with a partial 
]>icture of ways and stages of their phylogenesis. 

Hennig (1950) recently defined this regularity by means of the so-called 
deviation rule (Deyiationsregel). This rule points out that while an aneestral 
speeies splits into two descendents, one of them either does not deyiate at 
all or deviates from the aneestral speeies less than the other. The same rule 
refers to higher systernatic groups. Hennig calls features or forms correspond- 
ing to aneestral (original) ones plesiomorphous (plesiomorph), while changed 
and deviated — apomorphous (apomorph). These terms substitute success- 
fully the ambigous ones used until now, sueh as 4fc primitive” or u eonservative” 
and “speeialized" or “progressire”. 

Starting from the deviation rule, Hennig precised eertain kinds of homology 
for the purposes of phylogenetic systematics. As a proof of a elose relationship 
of speeies (or their monophyletic groups) there is only one kind of homology 
ralled synapomorphy (Synapomorphie), i. e. resemblance in apomorphous 
features. The kind of homology ealled symplesiomorphy (Symplesiomorphie), 
i. e. resemblance in plesiomorphuos features, does not prove a elose relationship. 
Furthermore, homology ean be the result of eonrergence 1 when speeies (or 
groups) are similar in their autapomorphies (Autapomorphien), i. e. apomor« 
phous features whieh their aneestors did not bear. In reyersible eyolution of 
some features, homoiologies ean seem to be synapomorphies or symplesio- 
morphies (cf. Hennig, 1953). 

If the phylogenetic relationship is the only objectiye i>rinciple <»f the na¬ 
tural system of speeies, phylogeny eannot be a separate science but is an inte- 
gral part of systematics, one of its branehes. This branch performs a moro 
nomothetic researeh funetion eoneerned with the relationship and origin of 
speeies and their groups. A morę idiographic funetion eoneerned with distin- 
guishing and describing of speeies and their groups is the aim of taxonomy. 
This term, applied first by de Candolle (1813), primarily meant M the theory 
of plant elassifieation’' but now it is widely used in the meaning whieh we aseribe 
liere to it. 

The phylogenetic basis of taxonomy, recently postulated mainly by Hennig 
(1950, 1953, 1957), has not been fully acknowledged by the founders of the 

1 In the hroader meaning of hotli terms. In nur opinion this is rather honioiology 
(parallelism). 
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so-called new systematics: Huxlev (1940, 1942), I)obzhan«k\ (1911) and 
Mayk (1942, 1953). They, like Wettstein (1933), admit deviations from the 
consistently phylogenetie system which would be an “unattainable ideał 1 ’ 
and tliis even “if all the facts of phylogeny would be known"; they admit 
these deviations with regard to the need of comproinise with ])ractieal postu- 
lates of the elearness of the system. In their opinion, the degree of relationship 
ean be designated not only aceording to the number of ramifications dividing 
the branehes of the genealogieal tree but also aeeording to the distanees between 
the ramifications and aceording to the declinations of the branch tips. If the 
horizontal divisions may be morę “useful” than yertieal ones they should 
not be eliminated, all the morę as they became rooted in the minds of biologists. 
This tendency to make taxonomy independent from phylogeny is eonneeted 
with depreciation of the influence the evolutionary theory has been exerting 
upon the progress of systematics. 

It is sometimes difficult to realize a consistently phylogenetie system even 
in principle (particularly in the ease of “retieulate evolutioir’) but we regard 
all the deliberate and avoidable deviations from the system as oontradictory 
to the aim of systematics as a science. 

The phylogenetie relationship, which ean be defined in time, is the only 
objeetiye criterion of the natural system of species. References to the crileria 
of resemblance make systematics a morę or less arbitrary subject. Now. if 
we admit this only objeetiye criterion as the base of taxonomy theii, in order 
to make the naturę anwer the question asked, we niust use it uniformly and 
consistently. A classification, even partly artificial, obscures the picture of 
eyolution and distorts the knowledge of its regularities nor does it refleet 
the objeetiye State of things which was forrned as a result of tliis historieal 
process. Besides, an artificial system seems to be morę practical and elear 
than the natural one only when we approach the orgauisms in a superficial 
and one-sided way. As we apply morę many-sided inyestigations, all the iu- 
congruities of the artificial system will immediately make their appearance, 
such as the incongruity of imaginal and larval systems, the lack of geographic 
and ecological replacement of species and groups allegedly related, unexpeeted 
vast differences in sexual organs, fuli incongruity of host and parasite systems 
etc. Often we do not even realize ho w many false concepts in yarious biological 
disciplines were caused by artificial elassifieations. 

Existing taxonomic arrangements were established not only by yarious 
authors but also aceording to yarious principles, at times aceording to this 
or that resemblance of organisms, and at other times aceording to their relation¬ 
ship, however, understood in different ways, either as synapomorphy or as sym- 
plesiomorphy or even as homoiology. Consequently they preseut a eonfusion 
of yertieal and horizontal dicisions, of monophyletic, typological and even 
obviously polyphyletic groups. Therefore, we do not share fully the optimism 
of Dohziiansky (1911) and Mayu (1942), when they State that “the elassi- 
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fieation now adopted is not an arbitrary but a na tu rai one reflecting the objec- 
tive state of things” and that “the subdivisions of the animal and plant king- 
doms established by Linnakus are, with few exceptions, retained in the modern 
elassifieation”. We ean agree with these statements only as far as they oppose 
sonie attempts to disregard totally and to undermine present day systematies 
or oppose, at any ratę, a too sceptical approaeli towards its results. In post- 
Linnakan times systematies advaneed considerably, particularly owing to 
the. succeas of the evolutionary theory. But to realize how far away are present 
elassifieations froni the natural elassifieation it is enough to notice the faet 
that two-fchirds of animal speeies are insects, the majority of wliieh is very 
slightly and superfieiałly known even as far as adult morphology is eoncerned, 
not to mentiou ecology and development cycle. Our pessimism eontains yet 
a eertain dose of optimism whieh enables us to believe that systematies has 
still great prospeets lying ahead. 

Systematies as every science, develops gradually and approaches truths 
through series o,f hypotheses. In faet, we are never provided with direet proof 
of the relationship and origin of speeies and all our phylogenetie views are of 
a hypothetie value, and were developed by eomparison and inferenee. 
Tlius, while speaking of deviations from the natural system as undesirable, 
it is only the prineiple of our procedurę in science and the objective we aim at. 

Defining phylogeny as a morę nomothetic and speculatiye branch of syste¬ 
maties, at the same time, we do not consider ta\onomy as a branch jmrely 
idiographic and empiric. Similarly as the origin of speeies, whieh determines 
their natural elassifieation. is never direetly recognizable, so the eommunity 
of interbreeding organisms ean not be grasped as a whole direetly in naturę. 
Both criteria are, howerer, the only objective ones and systematies would 
Im* u noble to e\ist as a science without acce])ting them. Tlius, taxonomy also 
recognizes the objectiye reality in an indireet way. by means of eomparison 
and inferenee, and the vast majority of its statements is of a hypothetie value. 

The base for eonclusions eoneerning relationship of organisms and speeies 
is eonstituted by their resemblanees and differenees. 

Reproductive isolation faeilitates dirergeney of all eharaeters, inereasing 
eonstantly as the isolation period continues. Therefore, the objeethe diseon- 
tinuities of organism differentiation are generally a suffieient base for their 
natural elassifieation and guarantee a eonsiderable degree of iikelihood of 
systematie diagnoses (Dobzhansky, 1011; Mayu, 1953). Yet the proeesses 
of divergeney of particular eharaeters are not strietly eorrelated with eaeh 
other, and in rarious organisms they are eorrelated in a different way. This 
mosaie jiattern of evolution consists in the unequal tempo of evolution of jiarti- 
eular eharaeters, of Yarious organism groups and in different periods of time, 
8]>eeialization Crossing, reversibility of cYolution of particular eharaeters, 
eotiYergenee and parallelism, bastardization, and eertain discontinuity of 
intraspeeifir yariability (polymorphism). Yarious eharaeters are of different 


http://rcin.org.pl 



J. T. Nowakowski 


10 


70 

value for systematies but a constant gradation of their value does not exist, 
moreover nonę of the eharaeters lias any universal iudication value wkicli 
would replace objectire criteria, i. e. the criterion of interbreeding and that 
of phyletic relationship. Thus systematic diagnosis demands such an evalua- 
tion of eharaeters which would approximate it to a diagnosis based on objective 
criteria. The method of such an analysis and evaluation of eharaeters is the 
“mutual elucidation method” (Methode der wechselseitigen Erhellung; Hennig, 
1950), based on many-sided approaeh towards organisms and on mutual sup- 
plementing of induetion with deduetion. 

The natural elassifieation of living beings demands a many-sided iuves1i- 
gation of tliem. Differenees between organisms and between species appeai* 
in many aspects, not only in niorphological features but also in physiological, 
bioehemical, ecologieal, ethologieal, geographie etc. Ali these differenees, as 
originated in the eourse of linie, refer to the relationship and enable us to get 
an opinion eoneerning it ( Hen mg, 1950, 1953). The morę many-sided and 
complex our approaeh towards organisms, the morę effectirely we ean apply 
“the mutual elucidation method” — hence the higher degree of likelihood of 
our systematic diagnoses. 

The representatives of the so-ealled new systematies, for instanee Mayu, 
Linsley and Ubingeii (1953) postulate it, in faet, to be many-sided and bio- 
logized as opposed to the superfieial and narrowly niorphological old syste- 
matics. However, they do not emphasize enough the faet that the aim of tliis 
biologization is not only the better distinguishing of species but also a pro- 
found study on their phyletic relationship. By not reąuiring a consistently 
phylogenetie system they do not pay enough attention to macrosystematics. 
They maintain that the highest stage of scientific neontological systematies 
“the stage of studies on evolution” — eonsists in intraspecific systematies 
which borders on genetics, in quantitative studies on population. Ali the de- 
yelopment of evolutionary studies denies, however, such a restrietion of the 
idea of these studies. As far as biometric methods are eoncernod, esteeming 
their importance, we would only like to stress that the quantitativ r e analysis 
of chosen structural eharaeters should not precede a many-sided qualitative 
analysis considering biotie eharaeters too. 

One-sided systematic diagnoses as far as they are not eaused by a subjec- 
tiyistic attitude towards systematies, express an exaggerated eonfidenee in 
the law of biological correlation. Since tliis law, however, as otlier biological 
laws, lias a limited rangę only, our diagnoses are also governed by a “law 
of minimum”. The systematic diagnosis needs a certain minimum of information 
eoneerning external and internal morphology of the adult, development eyele, 
ecologieal niehe and geographie distribution. A very detailed study of the 
external morphology (or skeleton parts), even ineluding biometric analysis, 
will nut fully substitute the study on certain internal struetures (or soft parts) 
and the latter, in turn, will not fully substitute the study on ontogeny, eeo- 
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logy, ethology and geographic distribution, as much as a detailed study ou 
the derelopment cycle and ecological niche will not be able, of eourse, to subs- 
titute the study of adult morphology of both sexes. It is tnie that the existence 
of “physiological species” structurally eompletely undifferentiated was not 
proved yet, but we know many exainples of extremely scarce and indistinct 
differentiation of structure of species having clearly distinct physiology, eeo- 
logy and ethology (ThORPE, 1940; Mayr, 1942, 1953). The interspocific' mor- 
pliological differences ate neither larger nor always of different naturę than 
the intraspecific differences, sińce sibling species (Mayr, 1942) and polyraor- 
phism exist. side by side. Thus, the morphological (typological) concept of 
the species (morphospecies) was substituted by the biological concept of inter- 
breeding community (biospecies). 

Phylogenetic relationsbip cannot be reduced also to simple morphological 
typology, to some cornmon plan of structure, or to some maximum correlation 
of structural characters. Not only idealistic morphology but even phylogenetic 
morphology comprising comparative anatomy, embriology and paleontology 
would not be, all aloue, a sufficient basis for phylogenetic systematics. Holó- 
morphological method should be supplemented with chorological analysis 
revealing the geographic and ecological replacement of dosely related species 
as well as their monophyletic groups (Hennig, 1950). 

• he possibility of a many-sided approach to liviug organisms is a marked 
adyantage of neontological systematics as compared with paleontology. This 
is compensated in paleontology by the time factor which is eonnected with 
th<‘ stratigrapliic arrangement of fossil organie remains and in generał with 
the possibility of statiug their age. Yet, paleontology also does not, explore 
evolution and phylogenesis in a direct way, but does it indirectly by meaus 
of comparison and conclusion (Sewertzoff, 1931; Hennig, 1950; Remane, 
1952). If there is a cornmon opinion that paleontology is a morę evolutionary 
science than neontology, it is probably because the latter has not played its 
irump sufficiently. 

We have tried to shaw that neontological systematics has three fumlamen- 
tal, mutually couditioned features: it is phylogenetic, objective and many-sided. 

Systematics is phylogenetic (evolutionary) because it regards species as 
stages and States of eąuilibrium of the evolutionary process and because it 
classifies them into a hierarchie system (in monophyletic groups) according 
to the criterion of phylogenetic relationsbip, i. e. cornmon origiu, and by this 
it contributes to the recoustruction of the genealogieal tree of the organie 
world. 

Systematics is «*bjective because it distinguishes communities of actually 
or potentially interbreeding organisms (species) really existing in naturę and 
because it arranges them into monophyletic groups, according to the objective 
criterion of pliyletic relationsbip which can be determined in terms of 
ti me. 
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Systematics is many-sided (complex) bccause it recognizes interbreeding 
communities and their relationship not direetly but by means of the inethod 
of inutual elucidation which is based on tłu* analysis of all kinds of resemblan- 
ces and differences between organisms, i. e. on results obtained in all other 
biological Sciences. 

The whole of our knowledge of the organie world has been compared to 
a layer-eake, yertical cross-sections of which are formed by systematics, while 
the iiorizontal strata belong to other biological Sciences. This metaphor very 
well shows the exceptional function of systematics with regard to other Sciences. 
Being a repeated eross-seetion of the biological Sciences, and at the same time, 
an independent science, systematics to an equal extent makes use of all these 
Sciences as well as senes them with results of its investigations. In this respect, 
systematics would be treated as a generał classification of all the classifications 
madę by other biological Sciences (Henn u*, 1950). 


INTRODrcTION 
TO A 

SYSTEMATU' KEYISION OFTIIE FAMILY AU KOM\7AU .1 E 

K is of essential importance for a natural classification of animals apart 
from a detailed knowledge of the mor]>hology of the adult to know their deve- 
lopmcnt eyeles and their eeologieal uiches as well. There is a better chance of 
aehieving this in groupsof organisms ecologically speeialized, particularly of liost 
specialized parasites. As parasitologiealsystematics deals with the niutual relat ions 
of two closely connected groups of organisms, it has at its disposal eertain 
additional methods and eriteria, such as host-parasite discrimination inetho<l, 
parasitogenic rules etc. 

As both the host and the parasite may belong to one of the two kingdoins 
of the organie world, four types of ]>arasitie relations may be distinguishe<l 
as follows: 1) animal parasite animal (or human) host, 2) plant (or bactcrian) 
parasite animal (or human) host, A) animal parasite plant host, 1) plant 
(or bacterian) parasite plant host. Modern parasitology, as a zoological 
science, is practically limited to the study of only one (the first one) of the 
four types of parasitism mentioned. In practice parasitology leaves aside not 
only all parasitic plants (bacteria included), but also phytophagous animals 
that show a constant spaee eonnection with their host plants, larger than 
themselves, and have a way of life which is parasitism in the generał biolo¬ 
gical senne of the term. At the same time, parasitology imdudes investigations 
on animals of a disputable parasitic charaeter. It takes into aceount not only 
blood-sueking animals but also the so-called parasitoid insect larvae, e. g. 
of Terebrantia or of Tachinoidea , which may be called internal predators rather 
than parasites (cf. Aij.kk, 1919), if they are of about the same size as their 
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non-specific u hosts” or rather their prey which tliey ultimately kill. As both 
systematic (taxonomic) ancl biotic (ecological) criteria delimit the scope of 
modern parasitology, it is sometimes referred to as zoo parasit ology, whereas 
the field of study on both animal and plant parasites of plant8, not yet 
develo]>ed as a distinct science, is called phytoparasitology. The autlior 
suggests herc the tenn “zoophytoparasitology ” to denote a science of parasitie 
relations between animals as parasites and plants as hosts. 

One of the typical groups of zoophytoparasites are leaf mining insccts 
(leaf iniuers), the larvae of which feed inside liying green plant tissues, leaving 
characteristic feeding patterns called tnines. The knowledge of the ecology 
of these larvae was developed mainly due to the invcstigations of Erich Martin 
IIering, conducted about 40 years, into a separate branch of entomology 
called minology (hyponomology) which shoułd be, at the same time, a branch 
of zoophytoparasitology. The systematics of leaf miners, the lat ter being specia 
lized temporary endoparasites of plants, could be of a morę “parasitologieal” 
character t-han the systematics of sonie other groups of animal parasites. Tliis 
is the rosult of the following circumstances: 

1. Active choice of host plants by mining insects and host plant 
specificity reduce to a minimum the probability of an occasioual occuiTence 
of the parasite on a non-specific host. 

2. Topospecificity of the parasite is manifested by a specific feeding pat tern 
of the larva inside a defined plant organ and tissue. 

3. As the endophagous larva is not able to migrate froni plant to plant 1 , 
its space connection with a plant always depends on feeding, on a spe¬ 
cific host-parasite relation. 

4. It is easy to collect larvae and it is possible to rear adults from larvae 
and tluis to examine all the development stages important in taxonomy. 

5. Due to the immobility of the host plants it is easier to inrestigate the 
influence of the secondary environment factors. 

The above circumstances make possible some confrontation of morpholo- 
gical and ecological data at the various stages of the ontogeny of the parasite, 
some use of host-parasite discrimination method and — to a eertain extcnt 
some mutual verification of both the host and parasite systcms. 

A particularly narrow specificity id’ the host-parasite relation is characte¬ 
ristic for most representatives of the family Agromyzidae. This family is one 
of the main groups of leaf mining insects though some of its members preserced 
different types of endophagy. For a systematist these dipterous insects have 
an advantage over other groups of miners as their males show a very eoin- 
]»lex structure of their copulatory apparatus, pecubar to the particular speeics. 
This facilitates the recognition of interspecific structural differences and pliy- 
logenetic relationship as well. Yet the iuvestigations carried out so far have 


1 Motlis of the family ('oleophoridue maki* a rem ar kable exception. 
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not macie use of it, and the genitalia have been known and described (or only 
illustrated) but for a smali number of Agromyzidae with no conclusions having 
been drawn. That is why the classification within the family, in spite of the 
larval ecology and morphology being known, was deeidedly artificial. 

The family Agromyzidae is eonsidered to be one of the most diffieult and, 
at the same time, most carefulh studied groups among dipterous insects and — 
may be with the exception of the Drosophilidae — the best known group of 
minutę flies. Considerable progress in the study of the family has been noted 
sinee the twenties of this eentury 1 . At that time Friedrich Hendkl (Austria), 
J. C. II. de Mkijere (Netherlands) and Erich Martin Hering (Germany) 
simultaneously started separate investigations on the adults, larvae and mines. 
The result of their collaboration as well as that of the contributions of other 
entomologists was a detailed monograph of the family written by Hendel 
(1931—1936); it eontains descriptions or redeseriptions of 350 Palaearotic 
speeies. The descriptions of the Jarvae by de Mkijere were gradually apear- 
ing in the years 1925—1950. The results of the studies by Hering are given 
inainly in his works: fc, I)ie Okologie der blattminierendeu lnsektenlarven” 
(1926), “Agromyzidae” (1927), “Minenstudien” (a set of papers published in 
the years 1920 — 1944), u Die Blattminen Mittel- uud Nordeuropas einsehliesslich 
Englands” (1935—1937), After the death of Mendel (1936) and later after 
that of de Meijere (194 7) Hering continued liis studies on the Agromyzidae 
in all the three direetions; he deseribed many mines, larvae and new speeies. 
In 1951 his excellent synthetic work “Biology of the Leaf Miners” was published, 
and in 1957 his large “Bestimmungstabellen der Blattminen vou Europa” 
(extended to three volumes). in the meantime some new specialists appeared: 
Nils Hyden (Sweden) published sińce 1929, Kenneth A. SPENCER (Great 
liritain) — sińce 1953, G. <’. 1>. Grutitiis (Great Britain) — sińce 1954, J. T 
Nowakowski (Poland) sinee 1954, M. Sasakawa (Japan) sińce 1953 
and M. Heroda (Japan) — sińce 1956* From among entomologists who were inci- 
dentaiły interested in studying the Agromyzidae after 1930, the most important 
contributions were madę by tlie Italian investigators F. Yenti ri and M. (iam- 
polini. The yaluable papers of Ił. Buhr and F. Gnosem kk (Germany), and 
E. Kangas (Finland) were also of considerable importance. G. EkderlBIN 
(Germany) suggested in 1936 a new generic dmsion of the family but no one 
followed him. Compiled keys to the Agromyzidae are published in the works 
of A. Stackelherg (USRR, 1933) and E. Segi y (France, 1943). W. Hennig 
(Germany) gave notes and comments on o,U papers dealing with the larrae 
(1952) and later with pests (1953b). Sonie minor taxonomic and faunistic 
papers, on mines, or dealing with plant proteetion had been published after 
1930 by: II. Franz (Austria), v. o. Brcel, A. Collart (Belgium), B. Kvi- 
ćala, E. B. Rohdendorf-IIolmanoya, B. Stary, A. Yimmhr (Czechoslo- 


• Earlier investigations are report eJ by Fkick (19 52). 
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vakiaj, H. Soenderup (Denmark), S. M. Hammad, A. Mauer (Egypt), Fi. Frey 
(Finland), J. d’Aguilar, I,. Mesnil, R. Regnier, E. Seguy, li. Skllier 
(France), K. Berger, K. Ruskę, W. Eichler, J. Haase, O. Karl, O. Kró- 
ber, A. Ludwig, M. Ludicke, G. Nietzke, E. Schimitschek, J. Seidel, 
H. Starkę, G. Yoigt (Germany), P. Allen, 1J. Barnes, M. Cohen, M. Niblett, 
L. Parm EN TER, A. M. Russel, E. li. Speyer (Great Britain), 1\ Suranyi 
(Hungary), E. Riynay and S. Zimaiermann (Israel), G. Dkila Heffa, 
G. M. Martelli, A. Melis (Italy), S. Kato, K. Koizfmi, S. Kuwa- 
yama and Y. Nisiii.iima, M. Tku.hta (Japan), M. Beioer, M. Nunberg, 
J. W. Ruszkowski (Poland), E. Dobreanu (Rumania), B. .!. Bielsku, B. B. 
Rohdendorf, A. A. Stackelberg (USRR). Continued interest shown in the 
family Agromyzidae is proved by the fart that up till now there are over 750 
species of these flies known in the Palaearctie Region, thus, morę than 400 species 
have been described or redeseribed sińce the publication of Hendel^s monograph. 

Morę recent mvestigations of the Nearctic fauna have been conducted 
mainly by S. W. Frost and K. E. Frick who published in 1952 a generic re- 
vision of the family Agromyzidae with a catalogue of about 250 American 
species. A synopsis of the Ethiopian Agromyzidae coniprising 128 species was 
recently given by Spencer (1959). The knowledge of the fauna of other regions 
is so far very scanty and fraginentary. 

The work of Hendel (1931 1936) provided a broad basis for further 

inyestigations. These have given a great deal of new and yaluable data but 
have partly failed toarrange and elueidate these data as they had to omit for the 
time being the most difficult and most essential task, i. e. examining the ge- 
nital apparatus. Inadequate knowledge of the morphology had its negative 
influence on the konwledge of the ecology and very ofteu has madę the distinction 
and identification of species impossible and their natural dassification still morę 
so, conseąuently, the taxonomical arrangement was romaining artificial and 
obscure. Hendel’s key which has been repeatedly supplemented is of no use 
for an exact identification of species from many a group, and not once taxo- 
nomic diagnoses that had been based upon generał external morphology of 
adults wen* discovered to be erroneous. 

The first thorough attempt to give a generał description of the małe ter- 
minalia in the Agromyzidae was dono by Frick (1952), yet he failed to give 
a “generic revision , \ De Meliere (1950) had already to raise sonie doubts 
concerning Hendel\s generic drnsion of the family as he was unable to find 
any sufficient basis for it in the larval morphology. Hennig (1952) noticed 
at once that this diyision does not present any elear picture. Thus, it was quite 
snrprising that all the large genera of the Agromyzidae, differing only in single 
minutę external features, had been confirmed by their genitalic morphology 
by Frick. W hen investigating the małe genitalia, howeyer, it is seen from the 
keys and descriptions prorided in the “generic revision” that its anthor has not 
examined these organs in all or most species of the particular genera but 
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took into condsideration only u few speeies chosen ;is thcir rcprescuta- 
tives. 

In order to arrange and elueidate the large body of aeeumulated data 
as well as to o pen a hroader outlook for futurę investigations, it seems neeessary 
first to eoneentrate on a detailed morphology of the genital apparatus. Already 
the existing knowledge of bot li larval morphology and eeology together with 
a morę detailed and profounrt knowledge of the morphology of the adults will 
make not only adeąuate distinetion and identifieation of s]>eeies possible 
but will reveal tlieir phyletic relationship and thua eontribute to a natural 
system. The latter when eompared with the system of host plauts, tlieir eeology 
and geographie distribution, will provide at least a partial knowledge of the 
pathways whieh specializing erolution has been and still is following with i n 
this group of phytophagous inseets. Ali efforts to study the very complex 
and differentiated genital apparatus will prove as worthwhile as in the case 
of the rearing method. 

In this situation the author eommeneed to eontribute to a revision of the 
family Ayrornyzidae . The generał introduetion given here is dealing rnainly with 
the European fauna and is based upon literaturę and the following materiał: 

*2489 specimens of adults belouging to 346 speeics, of włiieh 13S3 specimens liav« 
been reared in the laboratory and 1106 captured in the field, 

microscopic slides of the małe genitalia of 644 specimens belouging to 2H0 spec i es, 

about 2500 spec i men k of puparia, 

microscopic slides of about 700 specimens of laryae, 

about 10000 samples of leaf inines. 

This materiał belongs to the following coUections: 

the collection the author (imagines reared or captured, puparia, larvae, inines) 
rnainly front the Kampinos-Forest near Warszawa and also from other regious 
of Pol&nd, brought together in the years 1949 1958, belouging to the Institute 

of Zoology of the Polisli Academy of Sciences in Warszawa, 

the collection of O. Kari. (imagines reared or captured, puparia) from Polisli Po¬ 
merania. district Słupsk, maile in the years 1924 1935, belouging to t be same 

Institute, 

a part of the collection of F. IIkndki. (imagines reared or captured, puparia). rnainly 
from Austria and Germany, madę in the XIX and XX century, belouging to the 
Naturhistorisches Museuin in Wien, 

the coUections of A. Waga, W. Grzegorzek and K. Bobek (imagines captured) 
from the former Galicia, madę in the XIX century. belouging to tlie Bnmch in 
Kraków of the Institute of Zoology of the Polish Academy of Sciences, 
the collection of .M. Nowicki (imagines captured) from the former Galicia, madę 
in the XIX century, belouging to the Departament of Zoology of the Fniversity 
i u Kraków, 

specimens (imagines reared, puparia, laryae, mines) from Prof. Dr. K. M. IIering'* 
collection. rnainly from Germany, madę in the years 1921 1956, 

specimens (imagines reared, puparia) from K. A. Spencer'* collection from Knglaod, 
maile in the years 1954 1956. 
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Significance of some Aspeots of the Inyestigations 
The General External Morphology of the Adult 

The monotony of the ezternal appearanee of the adult s eombiued with 
a considerable number of species is cliaracteristic for the family Agroniyzidae . 
It is no wonder that systematics based on external adult morphology eannot 
free itself from ever increasing difficulties. Praetice proves doubtiessly that 
neither the existing differential diagnoses nor keys cau be used as a basis for 
aa exaet distinguishing and ideutifying of many “allied” specien. ll is generally 
known that in many groups no identification of species ean be madę without 
using the rearing method, “the morę so if one is not a specialist”. That is to say, 
some external eharaeters of the adults, considered as of taxonomie value, show 
a loose eorrelation with those of the larvae and mines. This applies particularly 
to wing yenation, chaetotaxy and eoloration. Scores of examples may be 
quoted of the negligible taxonomic value of such features as eostal ratio, the 
degree of curvature of the radial veins, the ratio of the sections of wi 3+4 , rangę 
of oc, length ratio of the anterior orx to the posterior one, distanee ratio of 
or, the number of ori, the number of peristomal hairs, the number of ia behiud 
the trans^erse suture of the mesonotum, the number of rows of acr, their rangę 
in relation to dc, the lenght ratio of acr to de, the distanee ratio of dc , the 
position of prs with regard to the transverse suture of the mesonotum, i. pa: 
e. pa ratio, number of hairs on the eallus humeralis and on the mesopleura, 
eoloration of the angles of the vertex (Scheitelecken), the degree of dullness 
of the mesonotum, shape and size of the dark spots on the mesopleura, presenee 
of a yellow edge on the upper margin of the sternopleura, eolor shade of the 
tarsi and tibiae etc. In spite of the fact that not only these single features but 
also their eombinations are often not reliable, they are still used for diagnostie 
purposes in deseribing new species as well as in keys for identification. When 
the rearing method is used, the ecology of the larva is a starting point for a ta- 
xonomic diagnosis, nevertheless, certain traditions and practical purposes 
demand that the species diagnosis be based on the extornal morphology of 
the adult. Consequently, the authors of descriptions look for an adequate 
u mori)hospeciesfor every u biospecies”. Much of the external eharaeters, 
to which some taxonomic value is attributed, have though not identical, 
but still orerlapping variability ranges. Thus differences that seem to be strik- 
ing in a smali materiał fail to be so when dealing with abundant series. 

The difficulties quoted above indicate the frequent occurence of dual-, 
erypto-, gemino-, or sibling species. This idea recently precised by Mayh 
( 1942, 1953) is the result of the biological approaeh to the species, which ass- 
umes that dicergency of inorphological eharaeters — of the external ones 
at least — may not keep pace with divergency of other features. Aocording to 
Mayh, sibling species are closely related sympatric species with minimal and 
imperceptible or ineonstant structural differentiation but with a quite different 
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eeology, physiology or ethology. Morę clearly defined and morę constant 
inorphological differences may either occur in the earlier developmental stages 
or may be concealed and brought to light only after a detailed examination 
of some peculiar struct-ures as sense organs or the genitalia. 

Taxonomists who exelude the posibility of absence of constant external 
differences between “good” speeies would be inclined to explain the difficulties 
mentioned above as due to insuffieient accuracy of descriptions, illustrations 
and keys, the smali size of speeimens, poor discernability of some details, bad 
state of preservation etc. IIowever, every specialist using the rearingmethod 
ma\ eonvince himself that these negative factors are of a secondary importanee 
and even their careful elimination would not help very much. The widespread 
distribution of sibling speeies among the Agromyzidae is not surprising at all 
as the speeies of that kind occur all over the animal kingdom, being especially 
common among the Diptera (Mayr, 1942, 1953). 

Kven if the lack of any constant external differences between sibling speeies 
is not an absolutely objective phenomenon, it is in practice an intersubjeetive 
phenomenon. Bxperience has showii so far that it is impossible to grasp and 
< x press these differences — at least in a materiał of dead speeimens of various 
age and method of conserration — and, consequently, they are often useless 
for taxonomy based on superficial inorphological studies. In the case of some 
difficult groups many quite desperate attempts have been madę to distinguisli 
s])ecies according to their external features but they have all failed 1 . Kxact 
biometric methods could help taxonomy but only to a smali extent, quite out 
of proportion to the amount of time and effort required to apply them. 

We doubt if the help of biometry cau be efficient here, chiefly because 
lack of constant and perceptible external differences is noticed not only between 
sibling speeies but also between speeies that according to their genital apparatus 
as well as other characters must be placed far from one another in the natural 
system. Herinu (1939) differentiated such speeies among the Lepidopteni 
and defined them as “pseudo-Dualspecies”; by analogy we shall use the term 
“psetfdo-sibling speeies’ 1 . The so-called “difficult” speeies groups generally 
consist of a larger number of sibling speeies and pseudo-sibling speeies [cf. pi>. 
93, 94 and Fig. 8 — 9]. From mere external morphology we cannot know 
when the resemblance of speeies is due to the generał Iow degree of their diver- 
gency and when it is the result of some far advanced convergence (morę exactly 
speaking: parallelism or reversibility of evolution of certain characters) and 
when it results from an unequal tempo of evolution of various features. Parallcl 
reduction of wing venation and that of bristles makes it impossible to base the 
natural system only on the external characters of the adults (cf. pp. 116 — 123). 

Taxonomists who recognize only a “relative reality” of the speeies, i. e. 
who do not trust- it is likely to distinguisli the speeies from a subspecies or 

1 Thu8 e. g. the latest key to the subgenuH Dizygomyza 1Ikni>., s. Rtr. (Groschke, 
1957) is lit tle better than the earlier ones. 
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a race,think that for taxonomic purposes species should beconsidered in a possibly 
broadest sense and not to much importance should bc attached to micro- 
sco]>ic structural differences, while the species could be taken in a narrower 
sense for ecological and genetic purposes. This approach apart front the ne- 
gative effects of such a diyorce of taxonomy from ccology and genetics, in* 
volves the danger of distinguishing heterogenous complexe8 consisting of 
sibling species and pseudo-sibling species. We think like Mayr (1942, 1953) 
tliat sibling species should be recognized both by ecologists and geneticists 
and by tazonomists and they should be distinguished from races. 

The difficulties caused by limiting the study to the generał external morplio- 
logy of the adults are due both to the lack of constant interspecific differences 
and to the wide scalę of intraspecific and, above all, intrapopulational varia- 
bility. lt is the morę so as the latter sometimes passes gradually from conti- 
nuou8 to discontinuous yariability — to polymorphism. Apart front sexual 
dimorphisnt which is typical of the genera Ophiomyia Bkaschn. and Tylomyza 
IIkni). and of tlie subgenera Nemorimyza Frey and Dizygomyza Uend. 
s. str., (ases of polymorphism independent of sex can be found antong the 
Agromyzidae. This seents to be morę often polymorphism in the strict sense 
tlian cydomorphism, also called seasonal polymorphism or polymorphism 
of generał ions (cf. Hennig, 1950). Different morphae prevail in different 
generations, probably as a result of the selective influence of enyironmental 
factors. Polymor])hism in the Agromyzidae is polychromatism, because it is 
manifested in the coloration of certain external jiarts, such as the mesonotum, 
scutellum, pleurae, abdomen, legs or maxillar pal])i. These features have been 
often considered to be of high taxonomic value. Distinet asexual polychro- 
matism has been discovered so far in at least four species: Cerodoatha denli- 
rornis (Panz.), Phytoliriomyza perpunilla (Meig.), Phytomyza abdominalis Zett. 
and P/i. ramcm uli (Sciihk.). Cerodontha devticoruis (Panz.) is differentiated into 
three morphae: the dark f. uigroscutellata Strorl, the light f. sr mir Ulała Strohl 
and an intermediate typical form, the first form being supposed to correspond to 
the hibernating generation (IIenDEL, 1932). The two morphae of Phylomyza 
abdominalis ZETT. mining leaves of Hrpalica u obi lis Grsl. differ in thecolour of 
the abdomen which a(*cording to Hen DEL (1934) is yellow in its basal part in 
the hibernating generation and rompletely dark browrt in tlie non-hibernating 
one (f. soda Bri.). Front larvae mining in autunin (collected 12 — 11 X 1955 at 
Sieraków in the Kampinos-Forest) the author reared, however, both adult 
forms (1 o and 2$$onh—9 XI 1955) and the form with the dark abdomen in 
spring of the next year (1 $ in IV 1956). Phytomyza ranunculi (Schrk.) mining 
leaves of Banuncnlus L. is found in four morphae: f. praeco? Mkig., f. //a* 
roscutellala Fall., f. albipes Meig. and f. flara Fall. The first morpha (the 
darkest one) is supposed to be the hibernating generation, the next three 
morphae (successirely lighter) belong to the non-bibernating generations. 
These colour forms were recognized as conspecifie because thev had been reared 
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front similar larvae feeding in siinilar mines and because interniediate indi- 
viduals hav© been often fouud. This conspecificity has been reaffirmed by the 
author on a quite abundant materiał after examining the małe copulatory 
apparatus [cf. Fig. 22]. 

To the above four known cases of asexual polymorphism we add here 
two further cases, namely in Phytagromyza populi (Kalt.) and Phytomyza 
hieracii Hend. Aceording to Kaltenbach (1864) two colonr forrns of Phytay - 
romyza populi (Kalt.) mining laeves of Populus nigra L. are annual genera- 
tions. However, when the light form was reared by Hering (1925) in two 
generations, Hendel (1927) described the dark form as a distinct species — 
Ph. populiwra Hend. But this was ąuestioned by de Meijere (1928), when 
he had succeeded in rearing both the dark and the light form in the second 
generation from similar mines and larvae collected in the same place and at 
the same time. As the author had also reared the two colour forrns together 
with interniediate individuals simultaneously fiom similar larvae and mines 
(collected at Kazuń near Warszawa, 7 X 1955; 1 emerged 27 X 1955, 5 oc? 
and 9 99 — 4—6 V 1956) and as he found no differences in the copulatory 
apparatus of these forrns, he thinks that they belong to the same species: Ph. 
populi (Kalt.). It must be noticed that the polychromatism of this species 
is parallel to the polychromatism of Cerodontha denticornia (Fanz.) (f. u igro- 
scutellata Strobl and f. semwittata Strobl) and to that of Phytomyza ranun- 
culi (Schrk.) (f. flavo8cutellata Fall. and f. albipes Meig.) as well as to the 
interspecific differences found within Liriomyza Mik, Phytagromyza Hend. 
and Cerodontha Bond.: there oblong dark stripes on the mesonotum either 
merge in one spot or are separated by light oblong lines [Fig. 3—6, cf. also Fig. 15 
and 22]. Hendel (1935) took the colour differentiation of Phytomyza hieracii 
IIend. miningleavesof Hicrariumpilosella L. for sexuardimorphism: hesupposed 
that the males were light and the females dark. As the author has 1 and 1 2 (re¬ 
ared by Hering 9 and 14 III 1925 from larvae collected at Berlin-Frolmau) both 
in the light form (which is, after all, very similar to Ph. analis Zett.) he believes 
that polychromatism in Ph. hieracii Hend. is also independent of sex. It can 
be expected that morę cases of polymorphism will be fouud in the Agromyzidae 
when małe and female genitalia and larvae of all species, and particularly of 
the forrns described on the basis of captured specimens, have been studied 
in detail. 

While in certain cases the colour forrns were taken for species, in other 
distinct species were regarded as morphae. It would seem from Hendki/s 
and Karl’s collections that sonie species of the group of Liriomyza miki 
(Strobl) were mistaken for coloured forrns of Phytoliriomyza perpmilla (Meig.). 
Hendel (1931) had based the monotypie subgenus Phytoliriomyza Hend. on 
a single character only — the direction of the curvature of the orbital hairs. 
He did not notice, however, that the hairs were proelinated not only in 
Phytoliriomyza perpnsilla (Meig.) but also in sonie other species which he 
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Fig. 3 —6. Polychromatism. Tliorax of: 3 — Phytomyza ranunculi f. flaroscutellata Fale 
(K raków, 3 V 1891, leg. K. Bobek), 4 Phytomyza ra nu nenii f. alhipes Meicj. (from 
Banunculus repens L. # Młociny af Warszawa, 14 VI 1955. leg. .1. T. Nowakowski), 5 — 
Phytagromyza populi f. populirora IIkm>. (from Populus nigra L., Kazuń near Warszawa, 
6 V 1956, leg. J. T. Nowakowski), 6 — Phytagromyza populi (Kai.t.) (from Populus nigra 
L., Kazuń, 6 V 1956, leg. J. T. Nowakowski). 
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classified as Liriomyza Mik. This was probably caused by the smali numberand 
the weak development of the orbital hairs in the species mentioned. They 
have in fact little in common with Phytoliriomyza perpusilla (Meig.) but spe- 
cimens of these species are often placed erroneously together with it as one poly- 
morphic species. The light morpha of Ph. perpusilla (Meig.) is placed together with 
Liriomyza striata Hend., a whole series of which we found in Karl’s collection 
(from the district Słupsk in the Polish Pomerania, 1 <$ captured on 18 VII 1921, 
1 cJ - on 4 VIII1921, and 1 $ — on 25 VI 1921) among specimens of the former 
species represented by the dark morpha. 

Summing up it should again be stressed that the generał external morpho- 
logy of the adults is not sufficient to distinguish species or to determine their 
natural relationship and in the case of so-ealled difficult groups it is generally 
of rather little taxonomic value. To limit the approach to this only aspect 
would mean to employ an inadeąuate method of investigation and it would 
give a very obscure picture of reality. It would make one completely doubt 
the reality of species and the possibility to discover their natural relationship 
and thus put under doubt the whole sense of systematic investigations. Identi¬ 
fication of an adult according to its external morphology must be regarded 
in many a case as a mere introduction which must be followed by a morę 
reliable Identification based on its genital apparatus. 


The Małe Genital Apparatus 

The great importance of the małe genital apparatus for the classifieatiou 
of the Agmmyzidae was foreseen already by Hendel (1931) and Segty (1934). 
Nevertheless, these structures have not so far been used for taxonomic pur- 
poses, probably because of their extreme complexity and the absence of a ge¬ 
nerał morphologieal interpretation of their particular parts. A first attempt 
to illustrate and describe these organs was madę by SŚGUY (1934), but it 
was Frick (1952) who described thern in detail in a species from the group 
of Agromyza rufipes Meig. (identified as A. reptans Fall). Descriptions of 
the terminalia of the particular genera by Frick and his key to the genera 
based on the terminalia were not, however, completely successful. Figures 
(sometimes together with descri])tions) ot the małe genitalia were also given 
after 1930 but not with equally successful results by the following 
authors: Ciampolini (1952) — in Pseudonapomyza dianthicola Vent., Fkost 
and Sasakawa (1954) — in Phytomyza jucunda Fkost et Sasak., Griffiths 
(1957) — in Phytomyza adjuncta II er. and Ph. melana Hend. and later (1959) — 
in Ph. affinis Fall., Hendel (1931) — in Phytomyza ranunculi (Schkk.), 
Ph. plantaginis R. I)., Ph. teuella Meig., Ph. albiceps Meig. and later (1932) — 


http://rcin.org.pl 


23 


Introduction to it Keviaion <>f Agroniiftiilae 


89 


in u Phytagromyza spinicauda Henil” 1= Ph. flawociugulata (Strorl), cf. p. 
100], Hennig (1958) — in Encoelocera bicolor Loew, Hering (1951c) in 
Agromyza cinerascens Macq. and A. reris Her. and lat er (1957a) in A. reptaus 
Fall. and A. bnhriella Her. and recently (1958b) in Phytomyza arncincecis 
IIer. and Ph. crepidocecis Her., Kangas (1949) — in Dendromyza baruesi 
Heni>. and J>. betulae Kang., Melis (1935) — in Phytomyza atricoruis Meig., 
Nietzke (1943) — in Cephalomyza cepac (Her.), Nowakowski (1958) — in 
Phytomyza campauariae Nowak, nad Ph. rannncnlivora Her. and later (1960a) 
in lrenomyia obscnra (Rohd.-Holm.) and Atniomyza ilicitensis Her. in Mei.i. 
and recently (1960b) in Agromyza eeltidis Nowak, and (1901) in IAriomyza 
heringi Now ak., Sasakawa (1933, 1954, 1955) — in Agromyza spiraeac Kalt., 
Phytomyza senecionis rarasternopleuralis Sasak. and 15 other species known 
only from Japan, Segity (1934) in Agromyza rufipes Meig. and Phytomyza 
ranunculi (Schrk.) (identificd as <4 a species of the group of Ph. ritalhae 
Kalt.”), Sellier (1947) — in Liriomyza mes tlili d’Aguilar, Venttri 
(1935) — in Pooemyza lateralis (Macq.) and later (1936) in Agromyza mobilu Meig. 
In his revision of the group of Phytomyza obscura IIend. Nowakowski (1959) 
attempted also a generał deseription of the małe copulatory apparatns [Fig. 7]. 
This attempt concerns the majority of the species groups now r included in the 
genus Phytomyza Fall. s. str., and it eontaius figures and descriptions of the 
małe genitalia in 9 species: Phytomyza obscura Hen o., Ph. origani Her., Ph. fet- 
rasticha IIend., Ph. nepetae Heni)., Ph. lycopi Nowak., Ph. lithospermi Nowak., 
Ph. pulmonariae Nowak., Ph. symphyti Hknd. and Ph. myosotica Nowak. 

In studying the małe genital apparatus of the Agromyzidae the impression 
of monotony given by the external morphology of the adults disappears com- 
pietely. A most surprising fact is the enormous differCntiation of shapes which 
morę than compensates for the poor external differentiation. It can be scen 
tliat the chief niorphological effect of the dirergent evolution of the adults 
is shown in changes of the genital apparatus, while changes in the cxternal 
skeleton reflect it relatively weakly. 

The problem of the taxonomic value, i. e. of the specificity of the genitalia 
in insects is connected with the significance of the so-called mechanical isola- 
tion for the speciation and for the conservation of species. Dufour (1844) 
was the first to say that: “Farmature copulatrice est la garantie de la conserva- 
tion des types, la sauvegarde de la legitimite de Fespece” and tliat it u varie 
comine les esp^ces”. Jordan (1905, cf. Allee, 1949) developed tliis dea 
further and put forward the “lock -and - key” tlieory, according to which the 
adjustment of the copulatory organs of both sexes is peculiar to the particutlar 
species and consequently each essential change in the genitalia should result 
in reproductive isolation. Thus, the very definition of the species as inter- 
breeding community shows the importance of the copulatory apparatus. 

Morę recent anthors (Dobzhansky, 1911; Hennig, 1950; yan Emden, 1953) 
admit the great role of the genitalia in tłu* taxonoiny of insects but tliey try 
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Fig. 7. Schematic sketch of tlie małe copulatory apparatus of Phytomyza tetrasticha Hend. 
(after removal of the epandrium and hypandrium together witli their appendices): a — 
from the side, b — from belo w, after removal of the right postgonite, hypophallus and 
phallapodeme, c — hypophallus from behind (after Nowakowski, 1959, modified). 
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to explain it differently rejecting the u lock-and-key ” theory and minimizing 
the importance of mechanical isolation. Dobzhansky (1911) points out the 
correlation between the taxonomic value of the genitalia and the degree of 
their complexity. He goes to believe that it is only because of greater eom- 
plexity of genitalic charaeters as compared with external ones that genetic 
inte-specifie differenees manifest themsehes in a morę striking way in the 
genitalic charaeters than in the external ones. The genitalic differenees are not 
the original cause of biological isolation but they reRult frotn speciation directed 
by other isolating mechanisms. Van Emden (1953) quot.es numerous observed 
iacts of copulation of represcntatives of different species and genera. The 
genitali • differenees are too smali to prevent sueh copulation and insemination, 
and in iddition, hybrids of species with quite different sexual armatures were 
aiso ob ained. A generally much lower degree of differentiation of the geni¬ 
talia of females than those of males, together with cases of a wide intraspecifie 
yariability of the genitalia, and finally, the lack of elear differentiation of 
them in sonie groups of insects, coutradict the concept of the mechanical 
isolation. According to Van Emden the very great importance of the małe 
genitalia of Diplera for the systematist lies u not so much in any basically 
greater contribution madę by them to the creation of the phenotype of a fly 
but rather in the fact that they constitute a large complex of additional 
charaeters, which allows to supplement and check results obtained froni 
other charaeters, much as the structure of the early stages and the anatomy 
afford new means for checking the classiffication". 

• While in principle we share these wiews, we feel, however, the lack of 
sonie morę convincing explanation of the relative intrapopulational stability 
of genitalic structures as compared with other morphological charaeters. This 
is very often observed in entomological practice and it occurs in a striking 
way in the group of insects discussed here. First of all, the genitalia are not 
subject to discontinuous yariability as are some external characteristics of 
the adult and larva, i. e. to polymorphism (in the strict sense) and cydomor- 
phism 1 . Moreover, a large rangę of continuous yariability could be expeeted 
in piastic and coniplex organs. In this respect, the genital apparatus will apear 
to be, in fact, of an as variable naturę as chaetotaxy or coloration, if we attri- 
bute the same value to all details of its structure. The ecaluation of the genitalic 
charaeters shows, however, that apart from some rather variable parts, sueh 
as apodemes or membranes, there are relatively few yariable, very specifie 
parts. They are the slerites of the aedoeagus, especially the a]>ical ones. 

This speoificity of the parts of the małe genital apparatus, which in copula¬ 
tion enter the genitalia of the female seems to give evidence of the role of the 
mechanical isolation in the species-formation and conservation. Mechanical 


1 Karę cases of cvkh»morphism of llie gtidlalia are kilów u anioug ilie Colroptrra 

a ml IIovioptera. 
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isolation must not, however, be interpreted as a sort of constant intangible 
barrier but rather as a negative factor of sexual selection, the effeet of whicli 
can be seen in a population seale. The differenees in the structure of the aedoe- 
agus, especially in closely related species, are decidelly too smali to prevent 
copulation but even slight mechanieal obstaeles in the act, connected with 
certain sensuous inhibitions will reduee the probability of interbreeding of 
individuals with not quite adjusted genitalia. Denying of the signifieance of 
these minor deviations would amount to denying the role of natural and 
sexual selection. 

Ideas admitted by the author on the basis of the group examined are in 
agreement with Petersen’s concepts (1927, 1930) of the signifieance of sexual 
organs in mining moths. Petersen believes the morphological differentia- 
tion of the sclerotized parta* of the aedoeagus to occur above all at the splitt- 
ing of species. That is why u die Nexualarmatur besonders beim $ so eh arak- 
teristisch fiir jede Art ist, dass nur in ganz seltenen Fallen die Feststellung 
der Art auf Schwierigkeiten stósst”. On the other hand, external morpholo- 
gical features are often graded in a very subtle way and not necessarily go 
alongside with biotic features. u Die Art ist eine Geschlechtsgenossenschaft, 
die Zugehorigkeit zu derselben findet neben anderen morphologischen Ei- 
genschaften ihren prazisesten Ausdruck in den Generationsorganen”. 

The high degree of correlation of genitalic features with essential biotic 
characters of mining flies species is an indication of the high taxonomic 
value of the genitalia. The term “genitalic species” may be used herc 
for working purposes because a definite copulatory apparatus eorres- 
ponds, as a rule, to a definite larval form and a definite feeding pattern 
on a definite host plant. The external structure of the adult insect, on the 
other hand, does not show such a elear correlation with larval morphology 
and ecology. That is w hy we think that the structure of the genitalia is neither 
merely “one morę additional criterion”, nor even “an absolute criterion decisive 
in all cases”, but that it is one of the principal and essential taxonomic criteria. 

The contradiction between the “evolutioanry plasticity” of the genitalia 
and their “smali intraspecific variability” is only an alleged one. The varia- 
bility of the genitalia is morę interpopulational than intrapopulational. It 
is here actually or potentially species-forming and signalizes the splitting of 
the species. On the other hand, variability of the external characters does 
not exactly reflect the proeess of speciation and it may even be unconnected 
with it (polymorphism, cyclomorphism, some ecotypes and ecophenotypes, 
some directioual variations, cf. pp. 132—133). 

A study of the copulatory apparatus inakes it possible in most cases to 
distinguish (juite easily species which examined only in their external charac¬ 
ters seem to be identical or indistinctly separated. This is evident particularly 
in such “difficult” groups, as the subgenera THzygomyza Hend. s. str., and 
Pooemyza Hend., the complex of Liriomyza puMIla (Meio.), of Płnftomyza 
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obscurella Kall. (cf. Grifpithh, 1957), Ph. obwiną Heni>. (cf. Nowakowski 
1959), Ph. albicepa Meig., Ph. affinis Pall. etc. Sometimes what we have con- 
sidered to be one species appears to be a complex of “genitalic species”. Thus, 
e. g. Phytomyza obwura Hen o. s. 1. has proved to be a complex of five species, 
Pooemyza mnacina (Meig.) — a complex of two species, Agromyzarnfipes Meig. — 
a complex of at least two species, Phytomyza abdorninalia Zett. — a comples 
of three species. In most cases they are sibling species, sometimes, however, 
they show such different types of copulatory apparatus that they must be 
ealled “pseudo-sibling species"’. E. g. Phytomyza obscura 11en o. s. 1. (on La- 
biatae) com])rises two different species groups. The first of them includes: 
Ph. obacura IIkno. s. str. (on Satureja L. s. 1.), Ph. origani Her. (on Origanum 
L.) and Ph. tetraaticha Heni), (on Meutha L.) — the second: Ph. nepetae Hend. 
(on Nepela L.) and Ph. lycopi Nowak, (on Lycopus L.) (cf. Nowakowski, 
1959). 

On the other hand, an examination of the copulatory apparatus sometimes 
shows conspecificity of forms fonnerly regardcd as distinct species, especially 
in cases when, contrary to the original description, it was impossible to find 
elear differences in the external morphology of adults. After examining sonie 
type-specimens from Hendel’s collection the author has eonie to the conclusion 
that at least seven specific names introduced by this dipterologist and one 
given by Meigkn and aecepted by Hendel are junior synonyms of other 
names, thus: 


Amanrmuijza strobli HKNDKL. 1920 
Ama m o my za bal canir a Hkni>ki.. 1931 
Cerodnntlia femoralis (Mkigkn, 1838) 

Li nomy za orbonella Hkndkl, 1931 
Lir iomy za Hubobliqua II en DEL, 1931 
Pooemyza aemiatra Hkndkl, 1931 Pliyt- 
agromyza spinie mula Hendel, 1920 
Phytagromyza trislrinln Hkndkl. 1932 


A. abnormali* (Mallocii, 1913) 

A. morionnclla (Zettkrstedt, 1848) 
C. fuItripcs (M Kio EN. 1830) 

L. arbo n a (M KIO EN, 1830 ) 

L. obliąua Hkndkl, 1931 

Ph. jlarocinyulata (STItoHL, 1909) 

Vh IririUata (Lok w, 1873 ) 


If there are distinct external differences, the lack of any differentiation of 
the terminalia is not sufficient to justify synonymization, the identity of tłie 
larvae and their mines should also be verified in such cases. 

Finally, a study of the copulatory apparatus makes it possibile to identify 
ca]itured małe specimens, revealing at the same time misidentifications of 
a considerable number of specimens found in collections. Thus, an immediate 
task for specialists is to describe carefully and methodically and give figures 
of the małe genitalia of all known species of the Agromyzidae and to prepare 
a key based on genitalic characters too. 

Original descriptions and figures should be based on reared małe specimens 
preriously identified not only according to their external morphology but 
also according to their larvae and the mines. If the genitalia of captured spe¬ 
cimens are described (without any comparison with the genitalia of reared 
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ones) repeated misidentifications and confusions may result. It may be recalled 
in this connection that a specimen which served Frick (1952) to his generał 
description and illustration of the maie terminalia in the Agromyzidae was 
identified by him as Agromyza repiam Fall., although it inust have belonged 
to one of the “genitalic species^ of the group of Agromyza rufipes Mkig. living 
on Boraginaceae and regarded as one ubgophagous spec i es. Sonie species of 
this group are very difficult to distinguish externally from Agromyza reptans 
Fall. which feeds on Urłicales and the copulatory apparatus or which is of 
quite a different type [Fig. 8—9]. 

Małe genitalia in species, the types of which are captured specimens, must 
be examined and described on the basis of these types. This will give, at the 
same time, a verification of the nanieś of these speciąs. It can be expected 
that a number of narnes will prove to be junior or senior synonyms of nanieś 
based on reared types. It is also not unlikely that certain reared specimens 
were erroneously included under certain names based on captured type-spe- 
cinriens. This is why every “elucidation of the ecology of a species" should be 
verified. We hope that in futurę good specialists will avoid descriptions based 
on captured materiał and without taking account of the terminalia. 

A knowledge of the copulatory apparatus is not only very important for 
distinguishing species but is also absolutely necessary for establishing their 
relationship and building the natural system of the group. Our conviction 
of the fundamental role of the genitalia of the Agromyzidae in the investiga- 
tion on their phyletic relationship is supported mainly by the extremely 
complex structure of these organs. The w criterion of complexity" is one of 
the criteria of phyletic relationship (II en mg, 1950) or of the homology which 
is, in fact, coresponding to it: u l)ie Sicherheit” (der Homologie) “wachst mit 
dem Grad der Komplikation und (Tbereinstimmung der vergliechenen Struk- 
turen" (Remane, 1952). Another argument is the large size of the terminalia, 
as compared with the size of the whole body; they may occupy almost half 
of the abdomen, and their sclerotized ]>arts prevail over the soft ones. 

The external skeleton of the mining fly, with all its structures, is in fact 
morę complex than the copulatory apparatus but is far less differentiated 
within the group. This liionotony arises not only from the conservatism of 
many characters of the external skeleton but it is caused as well by parallel 
evolution of its morę plastic features — chaetotaxy and wing venation (cf. pp. 
116 — 123) and probably by parallelism or reversibility in the evolution of some 
colour features. Thus, an alternative to the intricate complex of genitalic cha¬ 
racters are generally single simple external characters. In other words, the 
probability of multiple independent occurrence of an essentially similar struc¬ 
ture of a very complex genital apparatus is much smaller than the parallelism 
in certain external details which were considered to be taxonomically yaluable 
(cf. also p. 132 — 133). Individual details of the genitalia show, of course, 
some parallelisms as well. 
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Fig. 8 — 9 . Fseudn-siMing specien". Mnie copulntory apparntus of: 8 — Agromyza reptans 
Fali.. (Galicin, XIX cent., leg. M. Nowicki). 9 — A gro my za rufipcs Mcic. ». I. (Cl<i- 

lioia, I8G7, leg. M. Nowicki). 
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lii checking external characters by the genitalic ones we replace a clearly 
artifieial system by a morę natural one, morę eoordinating adult with larval 
features and morphologieal with ecologieal features, and thus, giving sonie 
picture of the evolution of the group. Speeies of an essentially similar type 
of the genital apparatus form groups eorresponding to natural genera. Repre- 
sentatives of the same natural genus or subgenus are usually found on related 
liost plants, much morę rarely on the same plant, and in most cases they minę 
in a similar way. Adults show rather poor external differentiation. If larval 
spiracles are considerably differentiated, this differentiation is parallel in 
various natural genera. Parallel series of increasing apomorphy in larval cha- 
raeters are observed (ef. pp. 124 — 128). 

As it has already been mentioned, there is no doubt that all the existing 
limits of large genera of the Agromyzidae , and at least of the Phytomyzinae 
are artifieial. These genera eomprise sometimes over hundred speeies and 
differ only in single external features such as the coloration of the halteres 
or of the scutellum (which is, after all, variable within sonie speeies), the di- 
reetion of curvature of the orbital hairs or characters of wing venation which 
beeame redueed quite independently in many phyletic lines. No wonder that 
limits of such genera are supported neither by the larval morphology (ef. de 
Mei.jeke, 1950), nor by the morphology of the małe terminalia. Each of these 
artifieial genera comprises a larger or smaller number of sometimes quite 
unrelated natural genera. Some of these natural genera are split by the limits 
of the artifieial genera. The grouping of speeies within these large genera varies 
with every aut hor and is not always in agreement with the natural classifi- 
eation. 

In spite of 11 endel’s view (1931) even Liriomyza Mik does not seem to bo 
a strietly monophyletic group and it is not well separated from all tlie otlier 
genera, es]>eeially from Phytohia Lioy s. 1. (sensu Fkick) (= Dizygomyza 
llKND. s. 1.) being a eonglomerate of various natural groups. As the basis 
of delimitation of Liriomyza Mik from Phytohia Lioy s. I. serves the yellow 
coloration of the scutellum in the former genus. This however, was already 
weakened by Nietzke (1943) who deseribed the so-ealled w Herxheim race'* 
of Phytohia (Cephalomyza) cepae (Her.), which differs from the “Oggersheim 
race” (nominał subspeeies) by its yellow coloration of the middle part of the 
scutellum. Thus, it was prored in this ease that the limit between two genera 
runs intraspeeifieally (or right through a group of sibling speeies). Examination 
of the małe genitalia finally conviees us that this limit is artifieial and that 
('eph atomy za IlEND. should be ineluded in the genus Liriomyza Mik rather 
than in Phytohia Lioy s. 1. 

Also the subgenus P ran pędom y za Hend. belongs rather to Liriomyza Mik, 
with the exeeption of P. hilareUa (Zktt.) mining leares of Pteridium aqvi - 
linam L. (KriiN) ( Poty pod i aceae), which was already defined by Hendki. 
(1931) as an isolated s]»eeies. This unique miner ferns within Photohia Lio> 
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s. 1. has quite a specific sexual armaturę and that is wliy we designate it as 
the type of a new genus Pteridomyza gen. nov. 

The remaining subgenera of Phytobia Lioy s. 1. living on Dicotyledones, 
namely Phytobia Lioy s. str., N emorimyza Frey, Amanrotnyza Mend., Tri - 
i oho my za Hend. and Calycomyza Mend., should be raised to the rauk of genera. 
Th© natural genus Calycomyza IIknd. seems to be connected rather with the 
('ompositae only. Frick (1956) bas included here a number of non-Palaearctic 
sj>ecie8 feeding on many other plant families but his revision does not eover 
the terminalia. At least the dark eoloured <7. gyrans (Fall.) feeding on the 
('ampamtlaceae has quite a different and specific sexual armaturę and thus 
we designate it as the type of a new genus called Pampami lomyza gen. nov. 1 
Species of Calycomyza IIknd. mining leaves of Pompositae present a type of 
genitalia similar to that which is widespread in the eomplex of Liriomyza 
p u mila (Meig.) eomprising above all numerous miners of Pompositae too. 

Uecause of elear biotic specificity: larrae feeding in the cambium of tree 
trunks, Kangak (1937, 1939) proposed to raise the rank of the subgenus Phy¬ 
tobia Lioy s. str. (= Dendromyza IIend.). Dendromyza post i rata (Meig.) 
mining leaves of Solidago L. and Aster L. (('ompositae), which had been included 
in this group by IIeńDEL (1931), was already separated by Frey (1946) as 
a monotypie subgenus called \emorimyza Frey. Comparison of the copula- 
tory apparatus fully confirms this and even justifies the raising of the taxo- 
nomic rank of both these subgenera. 

One of the reasons why the existing classification of the Agromyzidae 
is artificial is that large groups have been distinguished on the basis of characters 
which evolved in a directional and parallel way. Such are first of all certain cha- 
racters of the wing yeuation. The terminal section of the eosta, contained between 
r 4 + 5 and m l+je , as well as the posterior transverse vein (t p ) are independently 
reduced in many phyletic lines and thus the dmsion into genera on the basis 
of these characters is a horizontal rather than a vertical one (ci. pp. 117 —121). 

It was Enderlein (1936) who excrtled in making such horizontal dmsions 
and who established or at least restored certain artificial genera, without even 
designating their types. Thus, the genus Domomyza Rond. rejeeted by de 
Meltere (1925) and Mendel (1927) comprised representatives of Agromyza 
Fall., with the eosta reaching only to r 4 + 5 . Examination of the małe genitalia 
shows that these species belong to three different natural groups: that of 
Agromyza nana Meig. (on Leguminosac ), of A . cinerascens Macq. and of 
A . ambigua Fall. (on (rramiueae ). To the group of A. ambigua Fall. which 
is unrelated to the two first groups belong not only species enumerated by 

1 This species was recently inoltided by Hk.king (19H0) into his new genus Melawtpky- 
tobia Hek. Through the kindness of Prof. Hkring we were able to inveetigate the małe 
genital apparatus of its type-species, M. rhamaebalant Her., and we stated this species 
not to be cnngeneric with ('nmpanulomyza gyrans (Kall.) but rather with Irena'*iyi>i obsrani 
(Rom>.- Holm.) Imng also on the Leguwinosae . 
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Hknuki. (1931) on pp. 95 — 90, sec*. 10 23, and A . bicaudata IIknd. placed 

by li im in sec. 10, but also .4. rm\v Hkr. which was included by Hkking (1951 c) 
rather in tbe group of .1. cinerascevx Macq. In faet, Kndkklkin (1930) limited 
Ihnnom yza Koni), to the group of .1. na na Mmii;, but froin the rest ot tliis 
ta\on he cstablished au artifieially dclimitcd genus Stomaerypnlns Fndkiłl. 
cotnprising the group of .1. ri nera scen* Mac<}. and a. part ot* the group of A. 
a m big na Fai.L. 



Fig. 10. Malt* ropulaloiy apparatus of A ma u rowy za lamii (Kai.t.) (froin Hetonira offiri 
natis L.. Kampinos Forest, Cy hu lice IM \ III 1950. lt*<:. ,1.1’. Nowakowski). 


Criticizing Km)KK1j;in's system (1030) IIkndel (1930) proved tliat in 
view of 'Jie parallel and orthogenetio reduction of the wing renation neithei 
the extent of the costa nor the presence or absenee of the t r co u Id be diagnostic 
of genera. Ile did not, howerer, fully rcalize his idea and left the artificial 
<livisions between Phy lobia Lioy s. I. ( Dizftgomyza IIknd. s. 1.) and Phy- 
tagromyza Heni>. and between Sapom gza Hal. in Wkstw. and Phylomyza 
Fali., s. str. Fiuck (1952) sliared Hkm>kl\s view, however, not o uly did he 
preserve these two artificial divisions but he also raised the subgenus Sa¬ 
pom yza Hal. in Wkstw, to generic rank. 
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The basu of tlie division into Phytobia Lioy. s. 1 . and Phytagromyza 1 Ikm>. 
u th© extent, of the costa eonibined with the lenght. ratio of tlie sec tions of 
t« 3+4 , the latter being correlated with tlie distance between t,, and tlie base 
of the wing. Spencer (1957a), however, was right when he did not apply tliis 




Fig. 11 — 12. ArLifieial uharaeter of tlie exisling uivi*ioit into l* luj toina Lioy s . I. and ( 
rot lont ha 1{o\d. Małe copulatory apparntus of: II Icterninyza (je nic ul a ta (Fam.) (Kraków, 

2‘i X 1885, leg. A. Waha), 12 ('rrodnutha dndicorni* (Fanz.) (Polisli Pomerania. 

Słupsk. 22 VIII 1924, leg. O. Kaim ). 
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principle and induded in Amauromyza Hend. tlie species A. madrilena Spenc., 
a miner of the Labiatae , which aceording to Hendel’s and Frick’s classi- 
fieation should be induded rather in Phytagromyza Hend. The artificial naturę 
of the existing division into Phytobia Lioy s. 1. and Phytagromyza Hend. 
was also observed by the author, while examining minera of Monocotyledons. The 
subgenera I eter omy za Hend., lHzygomyza Hend. s. str., and Pooemyza Hend. 
feeding on Monocotyledons form one natural group with characteristieally 
eonstructed genitalia [cf. Fig. 11, 13, 66, 67]. The group has, on the one hand, 
a elose relationship with the whole genus Cerodontha Rond. [Fig. 12] and, 
on the other hand, a close relationship with Phytagromyza flarocingulata 
(Strobl) [= Ph. graminearum Her. = Ph. spinicauda Hend. = Ph. en - 
sifera Her. = Phytobia (Pooemyza) semiatra (Hend.)] also feeding in leaves 
of grasses [Fig. 14]. De Meijere, who deseribed the lawa of this species as 
“Dizygomyza spec.” (1934), already pointed out (1938) its affinity to Pooemyza 
Hend. We may assume now that the species belongs to Pooemyza Hend. not 
only because of certain larval characters (the group of processes over the 
mouth hooks), eeological (feeding on Gramineae) and external adult characters 
(a higli and narrowed lunule) but also because of its copulatory apparatus 
which markedly reserables the apparatus of most representatives of Pooemyza 
Hend. mining giasses [cf. Fig. 13—14]. We may add, by the way, that two 
males of Phytagromyza flarocingulata (Strobl) in O. Karl’s colleetion [cap- 
tured near Słupsk (Stolp) in Polish Pomerania on 9 VI and 5 VII 1924] are 
identified as u Dizygomyza incisa Meig.” and that the type of Phytobia 
(Pooemyza) semiatra (Hend.) we examined (eaptured by Kertekz on 2 VI1904 
at Mehadia in Hungary) is a specimen of Ph. flarocingulata (Strobl) loo. 
The differences between Phytagromyza flarocingulata (Strobl) and Pooemyza 
Hend. consist only in the shortening of the costa to the distal end of ;* 4+5 
[Fig. 30—31] and a multiplication of the number of spiracular bulbs of the 
lawa up to 18. These are exactlv characters that evolve in a directional and ])ar- 
allel way (cf. pp. 317—119, 123—128). In many specimensof Ph. flarocingulata 
(Strobl) t v has not been even distinctly shifted in the proximal direction and the 
last section of ?r 3+4 is twice as long as the preceding one only in connection with 
a morę lenghtened wing [Fig. 31]. The specimens of Ph. flarocingulata (Strobl) 
with the most distal loeation of t p were deseribed by Hering (1951b) as Phyt¬ 
agromyza ensifera Her., while the specimens with the most proximal loea¬ 
tion of t p were deseribed by Hendel (1931) as Ph. spinicauda Hend. As far 
as the genus Cerodontha Rond. is concerned, most of its representatives also 
live on Gramineae and it is only C. lateralis (Zett.) which was eaptured on 
Juncns effusus L. (Juncaceae) together with specimens of Icieromyza ca- 
pitata (Zett.) (Hering, 1936a; de Meijere. 1941). Cerodontha Rond. differs, 
in faot, from Phytobia Lioy s. 1. only in the lack of basal scutełlar bristles 
(b. sc) because the horn or claw on the third antennal joint are not found in 
C. atronitens (Hend.) anp C. biseta (IIend.). These species were taken by Frky 
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Fig. 13—14. Ariifirial oliaracter ot tlie o\Uling <livisioii into PhyUthia Li <»y ,4. |. and Phyt- 
ayromyza Heni>. Mało copulatory apparatus ot: 13 — Pooemyza incisn (Meio. s. I.) [from 
A gro pyr on rcpnis (L.) 1\ B., Kampinos Forest, Granica, 11 V r 195G, leg. .T. T. Nowakowski], 
14 — Phytagromyzn flavocingulata (Strobl) (from Dactylifi glomcrata L., Mloriny at War¬ 
szawa, 23 IV 1957, log. J. T. Nowakowski). 
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(1946) as a distinct subgenus called Xenophytomyza Frby, because they seemed 
to him to resemble the dark coloured species of IHzygomyza Hknd. h. 1. C. bisela 
(Hend.) was even originally described as a representative of Dizygomyza 
Hkni>. r. 1. Tlius, finally by indmling to Cerodontha Rond. a considerable part 
of the artificial genus Phytobia Lioy k. 1. (subgenera: lcteromyza Hknd., 
IHzygomyza Hknd. s. str. and Pooemyza Hknd.) and also Phytagromyza flavo- 
cingulata (Strobl) tlu* author forms a large natural genus living on Mono- 
cotyledone* ( Gramineae , Cyperaceae, Juncaceae, Iridarrae). Henceforth, the 
name '■'Phytobia Lioy” should be treated as a senior synnnym for "Itendro- 



Fig. 15. .Małe copulatory a|>|»aralii« of Phytagromym populi (Kci.t.) (froin Populu* nigra 
L., Kii7.nu near Warszawa, 27 X 1955, leg. .1. 'I'. Xowajc<twski). 


The type of the małe genitalia in the natural genus Cerodontha Rond. is 
basically different frorn other types which are fonnd within the artificially 
delimited genus Phytagromyza Hknd., e. g. froin that of the type species 
Ph. popali (Kalt.) [Fig. 15]. The natural genus Phytagromyza IIend. deter- 
mined by the type species seems to be liinitod only to the group of minera 
of Salicaceae, whic-h comprises the following species: Ph. popali (Kalt.) (= Ph. 
populirora Hknd.) and PA. populieola{ll\h.) (pn Populus nigra L.), Ph. tremnlae 
IIer. (on P. tremula L.) and Ph. tridentata (Loew) (on Salix L.). The species 
feeding on the rei*resentatives of the ord w Rubiales ( Jtubiaceae , Capńfoliaceae, 
Iłipsacaceae) form, together with many *pecies of unknown ecology, a distinot 
natural genus wliieh we name Rubimnyza gen. nov. designating Phytagromyza 
ftimilis (Hm.) as its gcneric type. 
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Phytomyza Kall. s. 1. eertainly does not form a natural group, as ii has 
been distinguished on the basis of the direetion uf curvature of the orbital 
hairs. The rather restricted generie valuc of this feature was proved when 
Phytoliriomyza H end. and the group of Liriomyza miki (Strobl) were diseussed 
(cf. pp. 80, 88). Closely related speeies of M elanagromyza Hend. also have orbital 
hairs bent in various directions. We shall now, however, discuss the problem 
of the division of Phytomyza Fall. s. 1. into Napomyza Hal. in Westw. 
and Ph ytomyza Fau. s. str. which do not differ in anything except the pre- 
senoe or absence of t v . With respect to other external and genitalic charaeters 
some speeies groups of Phytomyza Fall. s. str. bear a closer resemblance 
to eertain groups of Napomyza Hal. in Westw. than to other groups of Phy¬ 
tomyza Fall. s. str. It even happens that simiiar s])ecies of Napo my za Hall. 
in Westw. and Phytomyza Fall. s. str. are found on identical or related 
plants and minę in a simiiar way The most striking example is a pair of speeies 
living on Lonicera L. (Caprifoliaeeae): Napomyza xylostei (Kalt.) and Phyto¬ 
myza peridymeni Meij. These speeies produee a linear minę which begins 
as a starlike figurę (asteronome), pupate inside the leaf in a eradle, show si- 
milar external characters and fairly simiiar features of the copulatory appara- 
tus [Fig. 10 — 17]. Napomyza glechomae (Kalt.) living on Olechoma herferacea Ii. 
( Labiatae ) is simiiar to dark eoloured speeies of Phytomyza Fall. r. str. min- 
ing on Labiatae , Boraginaceae and Ranunculaceae (group of P/l nepetae Hend., 
Ph. peioti Her.,PA. symphyti Hend., Ph. abdominalis Zett., ef. fig. 18—20). 
These faets prove the division into Phytomyza Fall. s. str. and Napomy¬ 
za Hal. in Westw. to be an artificial one, as different speeies of the first 
group have independently originated from the seeond in consec{uenee of 
a parallel reduction of i p (cf. fig. 33—30 and also p. 121). 

W ithin Phytomyza Fall. s. str. there may be distinguished numerous 
natural groups usually conneeted with partieular plant families. Sonie of them 
minę on Ranunculaceae. Thus, to the group of Ph. rectae Hend. beloug dark 
eoloured forms with a eharacteristic T-shaped distiphallus [Fig. 21J, produc- 
ing linear mines: Ph. rectae Hend. (on Clematis recta L.), Ph. rectae hop piana 
Her. (on Atragene alpina L.), Ph. rectae pulsatillae Her. (on PulsatiUa Mill.) 
Ph. hendeli Her. (on Anemone nemorosa L.), Ph. ranunculinora Her. (on Ra- 
nunculus repens L., R. lanuginosus L. and others) and Ph. linguae Lendo 
(on Ranunculus lingua L. and R. flammula L.). The differentiation of larvae 
within this group is illustrated on fig. 45 — 48. The remaining dark eoloured 
specieR show different strueture of the copulatory apparatus [Fig. 19], they 
form a less elose complex. In mines there may be secn a transition from a blotch 
minę — in Ph. abdominalis Zett. (on Hepatica Mill.), Ph. albimargo Her. 
(on Anemone nemorosa L.) as well as Ph. campauariae Nowak, (on PulsatiUa 
Mill.) — to a linear minę — in Ph. calthophiia Her. and Ph. calthirora Hend. 
(on Cattha L,). The differentiation of the larvae in the complex is shown on 
fig. 41—41 and fil 05. The light eoloured speeies belong herc also to 
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Fig. I fi — 17. Artificial ohanoler ot 1 he existing divi$ion into Napotny za Hal. in West w. 
and LUytomyza Fai.l. s. sir. Małe oopulatory apparatus of: ld Napo my za rylostei 

(Kai.l.) [froin Sym phoricarpus allms (L.) Bl\ze, Polish Pomerania, Słupsk, 15 VI11 1925, 
leg. U. K 17 P bytowy za periclymeni Mkli. (from Lonicera *p.. Polisłi Pome¬ 

rania, Słupsk* 25 VII 1925, leg. O. Kakl). 
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two unrelated groups. A linear min© and a lasso-shaped distiphallus 
[Fig. 22] are typical for Ph. ranuneuli (Schk.) (on Ranunculus L. and 
Ficaria Adans.) as well as for Ph. mtalbae Kalt. (on Clematis ritalba L. and 
allied species), wliile an ophiogenous blotch minę and a split beak-shaped 
distiphallus are typical for Ph. fallaciosa Bri. (on Ranunculus L.) t Ph. 
anemones Her. (on Anemone u e mor os a L.) as well as for Ph. hellebori Kalt. 
(on łlclleborus L.). 

The dark coloured species living on UmbeUiftrae belong to the large group 
of Ph. obscurella Fall. (except the isolated Ph. pubicornis Hend.). The ligtit 
coloured forins are included within the eomplex of Ph. albiceps Meig. Exa- 
inination of the małe genitalia ]>roved the complex to be divided into two 
groups: one on Cmbelliferae and one on Compositae. The author calls the for- 
mer one the group of Ph. angelicae Kalt. and he distinguishes within it four 
subgroups. To the first subgrou]> belong i. a. Ph. angelicac Kalt. (blotch minę 
on Angelica L. and Archangelica IIoefm.), Ph. pauliloetci Hend. [blotch minę 
on Pencedanum oreoselinum (L.) Mncii. and Pimpinella L.] as well as Ph. selini 
Her. (linear-blotch minę on Selinum L.). The second subgroup includes i. a.: 
Ph. pimpinellae Hend. (broad linear minę on Pimpinella L.) and Ph. chaero - 
phylliana Her. (linear minę on Chaerophyllum temulum L.). The third sub¬ 
group is represented by Ph. heradeana Her. (inter-parenehymal blotch mines 
on numerous Vmbelliferae ). Finally to the fourth subgroup producing linear 
mines belong: Ph. spondylli K. 1). (on Heracleum L.), Ph. pastinacae Hend. 
(on Pastinaca L.), Ph. sii Her. (on Sium L. and Rerula Koni), Ph. cicutae 
Hend. (on Cienia L.) and Ph. angelicastri Her. (on Angelica L.). The differen- 
liation of the larvae within the last subgroup is given on fig. 49—52,. 59 and 

Ali the species of Phytomtfzo Fall. s. str. living on Compositae produce 
linear mines. The group of Ph. albiceps Meig., being divided into a series of 
minor ones, ineludes i. a. Ph. albiceps Meig. (on Artemisia L.), Ph. matri - 
cariae Hend. [on Małricaria L., Anthemis L. f Achillea L. and, according to 
Buiuc (1932, 1941, 1954), on other allied genera tooj, Ph. Icucanthemi Her. 
(on Chrymnthemmn L.), Ph. tenacełi Hend. (on Tanacetum L., fig. B8), Ph. 
klimeschi Her. (on Achillea L., fig. t>9), Ph. lappina Gour. (on Arctium L.), 
Ph. cnpatorii IIknd. (on Eupatorium L.), Ph. cirsii Hend. (on Cynareae ) and 
Ph. sonchi R. D. (on Liguliflorae) as well as Ph. conyzae Hend. (on Inuleae ), 
witli a yellow scutellum. Ph. erigerophila Her. (on Erigeion L.) is a sibling 
of Ph. solidaginis Hend. (on Solidago L.). To the oligophagous Ph. affinis 
Fall. (on Cynareae) are related not only Ph. robustella Hend. living presumably 
in stem bases of Compositae (ITering, 1956) and the group of Ph. cecidonomia 
Her. producing zoocecidia on leaf petioles of Liguliflorae (Brnu, 1955) but 
also Ph. hieracii Hend. (on Hieraoium L.). This polymorphus species with 
yellow femora is a sibling of Ph. analis Zett. whicli, conseąuently, should be 
also included in the group of Ph. affinis Fall. 
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Fig. 18 19. Artifioial rliaracter «f the existing dmsion into Napomyzn Hal. in Wi tw. 

and Phytomyza Fali., k. str. Małe copulatory apparatu* of: 18 Sapomyza g lec ho mac 
(Kai.t.) (froin Olechom a hederacea L., Poliah Pomerania, Słupsk. 12 II 1925, leg. O. 
Karl), 19 - Phytomyza campanariae Nowak, [from PuhatiUa pratensi* (L.) Mili... Kam¬ 

pinos Forest, Luże. 21 VIII 1958; after Nowakowski, 1958]. 
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Thus, we see that the dassification based on genital apparatus inakes ne- 
restiary the diviaion of certain large artificial genera into more uumerous but 
Binalier aatural genera. i. e. groups of speeies usually revealing very similar 
biotic and ecological characters or even proving to be eoologioal (“biological”) 
yicariants. 



Fig. 20. Małe copulatory apparatUH of Phytomyza petoei Hkk. [from Mml ha lontjifolia 
(L.) Huna., Pomerania. Kaehubian Switzerland, Dzierż^żnn, 28 VIII 1956, leg. .1. T. 
• Nowakowski). 


The Female (ienital Apparatus 

We find in the literaturę a number of both generał and detailed deseriptions 
of the female genital apparatus in the Agromyzidae (Miall and Taylor, 10417; 
Hen DEL, 1931; Sźguy, 1934; Melis, 1935; Ventitki, 1936; Ciampolini, 
1952; Sasakawa, 1958). Sasa kawa who has reeently beguu a systernatie e\a- 
mination and deseription of these organs revealed remarkable differenees 
between speeies and groups of speeies, a faet to be expeeted in aecordanee 
with the eonsiderable differentiation of the małe genitalia. The female genital 
organs may serve to distinguish and identify «]>eeies and may eontribute to 
the building of a natural system as well. 


http://rcin.org.pl 













J. T. Nowakowski 


42 


108 


The Lawa 

General descriptions of the external morphology of the Agromyzid lawa 
were given by de Mkijere (1925), Hendel (1931), Hennig (1952), Prick 
(1952) and Allen (1957), while Miau, and Taylor (1907) also described the 
internal anatomy. Larvae of tlie particular species were described by de 
Meijere (1925—1950), Hering (special papers sińce 1954) and recently by 
Allen (1950, 1957, 1958) who introduced a new method of examining and 
drawing the puparia, and by Klroda (1900). The descriptions and illustra- 
tions by Venti t ri (1935, 1930, 1940) are highly valued. Hennig (1952) eom- 
piled a eommentary to the results of the investigations carried out before 1950. 



Fig. 21. .Malt* copulatory apparatus of Phytomyza ranunculiiora Hkr. (from Ranuneulus 
laniiyinosus L., Kampinos Forest, Keservation Sieraków, 10 X 1955; after Nowa¬ 
kowski, 1958). 


The descriptions concern in most eases only the third (maturę) larval stage, 
vcry rarely the second stage, whicli resembles as a rule the third. The first 
larval stage, on the other band, remains hardly known till now. although it 
may differ eonsiderably from the two later stages, e. g. in Agromyza Pall. whero 
it seems to recapitulate cer tai n fragments of the earlier phases of the larval 
phylogeny. No wonder that sonie species were taken in that stage for repre- 
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«entativt*s ot other genem or wen ot an other subfamily. as it was in the raso 
of JL celtidia Nowak. (<f. Nowakowski, 1900b). 

Hithertq, the larvae seenied to be far morę differentiated tliau the adults 
(ef. UE Meijkbe, 1925; Ueki.no, 1954; Allen, 1957). Examination of the małe 
and female genitalia gives, however, quite an opposite pieture. Poecilogouy 
which might have seenied widespread enougli with a superficial knowledge 
of the imagines turns usually to be aUeged. Ts'evertheless, external and eveu 



lig. 22. Malt* copuiatory a p par u t uh of l*UyU>myzu rnnunruli (Sciikk.) (Kraków, Im Y IS8(». 

leg. A. W .\t; a). 

genitalic differences between the adults are sometimes ho insignificant that 
they might escape notice, if not confronted with larval differences. This may 
be seen e. g. in the group of Phyiomyza rectae Hend. where the copuiatory 
apparatus, in spite of its complex structure [Fig. 21], is alrnost identical in 
all the species, while the morphological differentiation of the larvae is much 
morę distinct [Fig. 45 -48]. In generał, howeyer, the structure of the małe 
copuiatory apparatus is morę specific than that of the larva. 

The species are distinguished in the larval stagc chiefly on the basis of t he 
structure of the stigmae (spiracles). Those organs, howeyer, do not, providc 
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Fig. 2 li 27. Seasonal dimorphtsut of tbe larvae. Puparia of tbe non-bibernating (a) and 
hibernating (b) generations, in: 23 — Ophiomyia maura (Meig.) (from Solidago rirgaurea L., 
Kampinos Forest, a — Zamczysko, ]8 VII 1955, b — Sieraków, 6 V 1956, leg. J. T. Nowa¬ 
kowski), 24 — Phytomyza affinis Fall. (a — from Cirsiuni rivulare (JaCQ). All., Młociny 
at Warszawa, 10 VII 1957, b — from Cirsium palustre (L.) Scor., Młociny, IV 1956, leg. 
J. T. Nowakowski), 25 — Phytomyza crassiseta Zett. (from Veronira chamaedrys L. a — 
Kampinos Forest, Reseryation Zamczysko, 20 VII 1925, b — Młociny, 29 IV 1956, leg 
J. T. Nowakowski], 26 Phytomyza faUaciosa Bri. (from Pan u nculus repens L., a Kam¬ 

pinos Forest, Granica, 12 VIII 1955, log. J.T. Nowakowski, b — Lngland, Scratch Wood, 
Mddx, 3 II 1956, leg. K. A. Spencer), 27 — Phytomyza tetrasticha Heni». (from Mentha 
atfuatua L., Kampinos Forest, Granica, a — 8 VII 1955, 1) — 19 III 1958, log. J. T. No¬ 
wakowski). All the dates refer to the einergence of tbe imago. 
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valuab)e taxonoinic features, as they are fairly variable within tbe species, 
what. was stressed — probably with some exaggeration — by Allen (1957). 
The number of spiracular bulbs varies in limits exceeding */• °f its maximum 
(ef. p. 125). The adaptative trend shown in the spiracles is the same for the whole 
family. As a result of this phylogenetic parallelism in the structure of the 
spiracles (cf. pp. 123—129) the larvae are generally less differentiated within the 
group (hau the copulatory apparatus. 

A phenomenon which has not, till now, drawn attention is cyclomorphism, 
i. e. a seasonal dimorphism, consisting in a morphological differentiation of 
two larval generations. A dimorphism of hibernating and non-hibernating 
puparia was originally noted by Kuwayama and Nishijima (1951) in a Japa- 
nese pest — Agromyza oryzae (Munakata). The author has, till now, observed 
this phenomenon in 5 species: Ophiomyia maura (Meig.), Phytomyza affinis 
Fali,., Ph. crassiseta Zett., Ph. fallaciosa Bri. and Ph. tetrasticha Hend. [Fig. 
23 — 27]. The puparia of the two generations differ primarily in coloration: 
the hibernating ones being black or dark brown, the non-hibernating white, 
yellow or light brown. Apart from that there may occur deviations in the 
puparium shape and its degree of wrinkling and in the number of spiracular 
bulbs (in Ph. tetrasticha Hend., cf. Nowakowski, 1959; and in Ph. affinis 
Fall., cf. Griffiths, 1959, and below). A certain correspondence in the cyclo¬ 
morphism in some unrelated species seems to indicate that it results from 
adaptation of the autumn larval generation to hibernation. 

This seasonal dimorphism has already caused a taxonomic mistake. Phy¬ 
tomyza affinis Fall. produces on Cynareae (except Arctium L.) two types 
of mines: an inter-parenchymal minę, yellow coloured, separated from the outside 
by the leaf epidermis as well as the surface layer of cells of the palisadę paren- 
chyme, and a white upper surface minę occupying the whole layer of this 
parenchyme and separated from the outside by the leaf epidermis only. The 
form producing the upper surface minę has been recently distinguished by 
Hering (1957a) and Griffiths (1959) on the basis of larval characters as “Phy¬ 
tomyza autumnalis Griff.” These larval differences between Ph. affinis Fall. 
and Ph. autumnalis Griff. are, in fac.t, differences between two larval ge¬ 
nerations of Ph. affinis Fall. The author found both forms of puparia, white 
and dark brown [Fig. 24], in both the inter-parenchymal and upper surface 
mines, this depending solely on the season of the year. Besides, parasitoid 
Hymenoptera do not exert any essential influence upon the coloration of 
the puparia of their prey. Thus, if Ph. autumnalis Griff. would be even 
a distinct species, its diagnosis has not been properly madę up till now. 

The Minę 

Most of the generał and detailed data concerning the leaf mines we owe 
to Erich Martin Hering (1926, 1951, 1935 — 1937, 1957), an indefatigable 
research worker who has eonducted his studies on this subject for about 40 
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years. Let us add just a few short rem ark s on Ihe taxonomic value of the 
mines. 

The identifieation of species of mining inseets aceording to their host plants 
and mines consists, in fact, in the use of the host-parasite discrimination rnethod. 
A minę being the specific (i. e. peculiar for a species) feeding pattern of the 
larva in a definite plant organ and tissue is a visible sign of the parasite speci- 
ficity. But in many cases mines of different species of insects found on the same 
plant are so much like one another that in order to identify their producers 
it is necessary to examine the larvae and puparia. It is especially difficult 
to identify mines in narrow leaves ( Gramineae , Cyperaceae , Juncaceae) or in 
those split into tiny leaflets and lobes ( Umbelliferae). This has many a time 
resulted in the repeated description of one species of miner under different 
names, in spite of having used the rearing met h od, e. g. Cerodontha flarocin - 
gulata (Stroju,) (cf. p. 100). These difficulties have, however, to a consi- 
derable extent, been overcome in the latest key of Hering (1957a) based upon 
the larval morphology as well. In most cases examination of both the minę 
and larva makes it possible to identify the species. Neyertheless, it is sometimes 
difficult to notice any differences between larvae of species living to- 
gether on the same plant and in such cases identifieation without rearing of 
the adult is simply impossible. Such a pair of species represent e. g. Agromyza 
rvfipes Meig. and A. ferm gin osa Wulp. on Symphytum L. or Cerodontha 
(Pooemyza) incisa (Meig.) and C . (P.) pygmaea (Meig.) on Oramineae. 

The problem of intraspecific variability of the mines has not yet drawn 
enough attention. May the same species constantly leave different feeding 
patterns or. vice-versa are there any u physiological species” producing yarious 
mines but morphologically identical in all their developmental stagesf When 
such doubts arise a thorough examination of the larval feeding habits of a spe¬ 
cies usuaily shows inconstancy in the differentiation of mines. E. g. after 
Hering (1957a) the oligophagous Agromyza spiraeae Kalt. produces only 
linear-blotch mines on Iłosoideae. Another species of Agromyza Fall. was 
supposed to be a producer of linear mines not expanding into a elear blotch. 
As the author has not noticed any differences either betw r een larvae from 
both types of mines or between males reared from these larvae, and as on morę 
abundant materiał he lias found numerous transitions between the two types 
of mines ho is inclined to suppose that the only producer of these mines is 
the same species — Agromyza spiraeae Kalt. The already mentioned differen¬ 
tiation of the mines of Phytomyza affinis Fall. into inter-parenchymal and 
upper surface mines proyides a further example of a similar kind. Larvae and 
puparia from these mines are identical but cyclomorphous. This was, unfortu- 
nately, used for distinguishing Phytomyza autumnalis Griff. The author has 
not only established, like Griffiths (1959), the identity of males reared from 
the two differently mining larvae but also found intermediates between the 
two types of mines: raostly wiiite linear mines, w ł ith certain sections coloured 
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yellow. It is probable that a specific minę is to sonie extent influeneed by the 
host plant: on Cirsium arv>evse (L.) Scoi\ the author found only the inter- 
])arenchynial minę, on Carduus crispus L. — only the upper surface one, while 
on Cirninm palustre (L.) Scop. and C. olernremn (L.) Scop. — the upper surface 
minę or mines of the intermediate type. Besides, in sonie other species the 
nlines are not constantly inter-parenchymal. The above nientioned internie- 
diates are found e. g. mPhytagromyza popnli (Kalt.) on Popuhłs nigra L., in 
Phytomyza farfarae Hend. on Tuftsilagofarfara L. andi nPhytomyza doroniri Her. 
on Doronicum austriacum Jacq. It niust be admitted, however, tliat in spite of 
even striking morphological and ecological differences between host plants, 
the mines of the sanie species found on these plants do not reveal gene- 
rally — in tlieir external shape at least — any constant differentiation. 
Opposite phenomena are exeeptional. 

Here arises the qnestion of the differentiation of allegedly oiigophagous 
forms into monophagous “physiological species” attached to various host 
plants. Hitherto, the species of Agromyzidae have many a time been distin- 
guished and described in practice on the basis of ecological or biotic peculia- 
rities without sufficient consideration of tlieir niorphology. As tlie genital 
apparatus and often the structure of the larva have not been taken into aecount, 
the distinguishing of a species or its Identification was based, on the one hand, 
on the host plant and the minę and, on the other, on the external niorphology 
of the adult. As these two aspects have not always been in accordance witli 
oach other, priority of importance has been ascribed to the first. It must be 
stresse.d tliat this ]irocedure was essentially correct and brought a considerably 
smaller nuniber or errors than lnight be expected from the opposite one. It 
was tlilis proYed again that tcological or biotic peculiarities are eąually if 
not morę important in taxonomy than structural ones (cf. Thoupe, 19-10). 
But now, as we have deepened our morphological studies, let us take ecological 
and morphological data as being of equai value. 

In distinguishing species on the basis of inines or host plants tliere were 
ascribed to these species certain morphological peculiarities whieh on morę 
abundant materiał not always appeared to be specific. Examination of the 
genitalia and of the larvae prorides in most cases an adeąuate differential 
diagnosis for these u mine-species”, however, even taking these into account 
we sometimes fail to observe any structural evidence of the distinctness of 
these s]>ecies. Hen DEL (1931 — 1936) synonymized a nuniber of “mine-species” 
that had been previously described by himself or by Hering. Sonie of these 
forms the author proved to be distinct, morphologically confirmed species, e. g. 
Phytomyza oriyani Her. (on Origanum L.), Ph. tetrasticha Hend. (on Mentha 
L.) and Ph. nepetae Hend. (on Sepeta L.) are distinct from Pli. obscura Hend. 
(on tiatureja L.), while Ph. aromatici Her. (on Chaerophyllnm arornaiicnm B.) 
from Ph. (‘haerophylli Kalt. (on Chaerophifllum bulbosum L.). Yet Ph. aromatici 
Her. does not differ clearly not only from a form living on Chaerophyllnm te - 
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multun \j. but also from Ph. anthrmi Henie (on Anthriscus Pers.) and Ph. 
tordylli Henie (on Torili* Adans.). These three fornis could elaim to be call- 
ed “physiological species”. Lundqt ist (1949) described two species on Ranny- 
culus lingua L., namely Phytomyza linguae Lundq. and Ph. ranunculiphaga 
Lttndq., without giving any sufficient morphologieal basis for their specifie 
distinctness from correBponding forms living on Ranuncnlus acer. L., R. regens 
L., R. lanuginosus L. etc*. Examination of the larvao and genitalia madę by 
the author has proved Ph. linguae Lundq. to be, in fact, distinct from Ph 
ranunculwora Her. [Fig. 47 — 48], but there is still lacking any elear morphn 
logical evidence for the distinctness of Ph. ranunculiphaga Liniuj. from Ph. 
fallaciosa Bri. 

Aecording to Mayr (1942) it is not surprising that reproduetive isolation 
very often does not involve constant structural differentiation. It seems to be 
probable, however, that sueh may be the ease only in incipient speeies or tliose 
morę reeently originated. Oecurrence of some individuals on even completely 
different hosts does not give in itself any proof of their specifie distinctness, 
nor does it the intuition of a taxonomist. Wherever simple descriptive and com 
parative methods fail to provide a elear diagnosis better results eouhi be e\ 
pected after the use of biometric methods, rearing and transplantation e\- 
periments and cytogenetie investigations. 


Evolutionary T remis 

When certain eomplexes of charaeters evolve in the same direetion in various 
groups of common origin we are faeed then with both orthoeyolution 1 and 
phylogenetie parallelism. These both result in independent appearance of si 
milar but not directly related forms representing some eoimnon eyolutionary 
phase or stage. By uniting these fornis in taxonomic units, polyphyletic groups, 
so-called “stage groups” (Btadiengruppen; Kemane, 1952) become estublished. 
As evolution often eonsists in the reduction of certain structures or organ.-, 
certain “stage groups” are, at the same time, “negative groups” (NegatL* 
gruppen; Kemane, 1952) distinguished by the laek of a certain feature. 

Phylogenetie parallelism cannot be strictly distinguished from eonver 
genie — neither in theory, nor in praetice. Ponyergence in its striet sense meam- 
resemblanee of analogous organs of unrelated organisms, eaused by their adapta 
tion to the same environment or function, whereas parallelism independent 1\ 
evolved resemblanee of homologous organs of organisms whieh are related 


1 The ferm "orthoerolittioii" (Pi.atk, 1913) in arcepted horo as witli the term “ortlio- 
^ene.His M various and oxtreme interpretations ot direetionnl (reetilinear) eyolution ar.* 
ennnerted. 
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but undirectly, i. e. homoiology (Platę, 1928; cf. Hennig, 1950). Remane 
(1952) who in fact identifies homology with relationship considers homoiology 
as a sort of analogy. IIennig (1953), on the other hand, considering eonver- 
gence in a broader sense, includes homoiology in it. Thus, homoiology (or 
phylogenetic parallelism) should be considered as sonie combination of ho¬ 
mology in its strict sense (or phylogenetic relationship) and analogy in its striet 
sense (or eonvergence). 

Directional evolution is rarely a fully rectilinear one, usually it consists 
only in the dominance of sonie evolutionary trend over tendencies directed 
otlierwise which, however, may at times be prevailing, thus eausing the rever- 
sibility of evolution of particular eharaeters. That is why realization of sonie 
trends in evolution does not contradict its mosaic pattern. 

In the Agroinyzidae directional and parallel eyolution includes complexes 
of eharaeters similar to those in certain other groups of Diptera , and even 
in certain other groups of insects: generał size of body, wing yenation, ehaeto- 
taxy and larval spiracles. Hendel (1936), de Meijebe (1950) and Frick 
( 1952) have occasionally noticed some of these facts but it was not till the 
examination of genital apparatus and the establishment of yertical divisions 
of the grou]> that a better understanding of the evolutionary trends was madę 
possible. 

In the evolution of insects decrease of the body size is preyailing in connec- 
tion with their flight mechanics and trachaeal respiring. In the Agroinyzidae 
this eyolutionary trend possesses a dearly adaptative eharacter mainly because 
of the smali body size being inore suitabie for larvae mining in thin leaf blades. 
Thus, Harrison’8 parasitological rule (cf. Osche, 1958) applies to these endo- 
phagous insects, with but one correction, i. e. the size of the parasite being 
not eorrelated with the whole body size of the host but with the size of its 
invaded organ, or even rather with the thickness of the layer of the tissue used 
as food by the parasite. Agromyzid species feeding in the cambium, stem 
pith, stem bases and inflorescences are usually bigger than those mining 
in leaves, in the latter case an influence of the thickness of the leaf blade and 
of its surface upon the size of the insect is noted. Ilowever, even wlien these 
influences are ebminated it can be seen that plesiomorphous forms are in 
most cases bigger than apomorphous ones. E. g. within the genus Agromyza 
Fall. the species: A. reptans Fali.., A . rufipes Meig. or the group of A. ambigua 
Fall. surpass in size most representatives of the groups of A. cinerascens 
Macq., A . nana Meig. and .4. spiraeae Kalt. Representatives of Dendromyza 
Hend., and N einorimyza Frey are usually bigger than those of Trilobomyza 
Hend., Praspedomyza Hend. and Calycomyza Hend. Within Calycomyza 
Hend. the most plesiomorphous C . artemmae (Kalt.) is bigger than C . hu- 
meralifi (v. Ros.) and C. solidaginis (Kalt.). Encoelocera Loew showing the 
largest body size among the Agroinyzidae is a plesiomorphous genus of un- 
known ecology, but no leaf miner in any case. From among the representa- 
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tives of the apomorphous genus Phytomyza Fall. s. 1. only speeies of un- 
known ecology, such as Napornyza elegans (Meig.), Phytomyza nigripennis 
Fall. and Ph. robmtella Hend. reach the size of the largest. plesiomorphous 
fonns. Genera of a markedly dwarfed size, i. e. Haplomyza Hend., Irenomyia 
Nowak., Xeniomyza Her. in Mei.i. and especially Ptochomyza Her. ma¬ 
nifest a number of other apomorphous eharacters too. 

Directional and ]>arallel eyolution of wing yenation is manifested herc 
in the costalization, i. e. costal concentration (Rohdendoef, 1946; c*f. §van- 
yić, 1949). The proeess consists here in shifting of the anterior longitudinal 
veins towards the anterior margin of the wing, and in shortening of the eosta 
to the anterior margin of the wing, with simultaneous proximal translocation 
of both transyerse yeins, reduction of the posterior transverse vein, and thinn- 
ing out or even partial reduction of the posterior longitudinal veins. 

The shifting of the anterior longitudinal yeins towards the anterior margin 
of the wing is connected with shifting of their distal ends forward and then 
to the basis of the wing. The position of the ends of m l4 . t and r 4 + 6 on both sides 
of the wing apex must be considered as plesiomorphous. in most representa- 
tives of the subfamily Agromyzinae the and of r 4 + 5 is nearer to the apex of the 
wing than the end of m l+2 [Fig. 28—29], in most of the Phytomyzinae a reei- 
procal relation [Fig. 30—32] is observed. Ilowever, in the group of Agromyza 
rubi Bri. (= A. sulfuriceps Strobl) there has already taken place the shift¬ 
ing typical for the Phytomyzinae, while Phytobia Lioy ( Dendromzya Hend.) 
and Nemorimyza Frey, as well as some representatives of Rubiomyza gen. 
now, had stopped in this respect at the stage of the subfamily Agromyzinae . 

When the end of m x + t extends to the apex of the wing and, thus, the vein 
takes a position 011 the longitudinal axis of the wing its further shifting depends 
011 whether it keeps a connection with the end of the eontraeting costal vein. 
Thus, there are two ways in which costalization may take place. If the terminal 
section of the eosta between the end of r 4+5 and that of does not disappear, 
the end of m 1+2 may translocate before the a])ex of the wing and shift further 
towards its basis as if pulled by the end of the eontraeting eosta. Then iw-,*., 
does not get thinner but shifts forward following both branches of the radial 
sector, i. e. the yeins r 2 ^ 3 and r 4 ^ 5 . As a result there follows the fuli costal 
concentration of the longitudinal yeins. If, however, the terminal section of 
the eosta disappears and thus m l+2 is torn off from the eosta, m 1+2 stops 011 
the longitudinal axis of t he wing and gets thinner, just as the posterior longi¬ 
tudinal veins: m 3+4 and an do. 

Yarious stages of costalization of the first t-ype may be observed in: Cam- 
pamdomyza gyrans (Faj.l.), in certain speeies of Liriomyza Mik, in Metopomyza 
Enderl., Haplomyza Hend., Irenomyia Nowak. [Fig. 38] and Xeniomyza 
Her. in Mei.i. [Fig. 39]. Mendel (1931) failed to notice that the end of 
Mj+a had already shifted before the wing apex in at least five Palaearctic re- 
presentatiyes of Liriomyza Mik, i. e. in L . eicerina Rond., L . ariemisicola 
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Meij., L. haploneura Hend., L. defioiens Hend. and L. latigenis (Henie); 
the three latter species, because of the simultaneous lack of ł n and a scanty 
number of orbital hairs, should be included into Haplomyza Hend. sensu 
Melander. Thus, the genus in question occurs also in the Palaearctic. The 
author was unable, however, to check whether this genus represents a natural 
group (cf. Nowakowski, 1960a). 




Fig. 28 —29. Reduotion of the terminal section of the costa and of / p in Agromyza Fall. 

Wing of: 28 — Agromyza reptans Fall., 29 — A . inłermiitens Beck. 

Costalization of the second type is connected — as it has already been 
mentioned — with atrophy of the terminal section of the costa between the 
ends of m l+i and r 4 + 5 . We obserye this reduotion in statu nascendi, e. g. withiu 
three genera of Agromyzinae: Agromyza Fall. [Fig. 29], Melanagromyza Hend. 
and Ophiomyia Braschn. Iii ease when the terminal section of the costa is 
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Fig. r 30 — 32. Reduction of tke terminal section of the costa and of t p . Ilorizontal division 
into r Phytobia Lioy s. 1 . and Phytagromyza IIend. Wing of: 30 Pooemyza incisa 
(Meig.), 31 — Phytagromyza fla rocing ulata (Strobl), 32 — Phytagromyza populi (Kalt.). 


http://rcin.org.pl 








53 


lntrodutttion to a Royision of Agromyzidae 


119 


Ktill preserved it undergoes gradual but distinct atrophy: it contracts or gets 
thinner with the effect that sometimes it is hard to notice and causes mis- 
idcntifications. The representatiyes of Agromyza Fall. in which the terminal 
section of the eosta was atrophied had previously been United in a horizontal 
genus Domomyza Eond. which was a typical “negatiye group v (cf. pp. 97—98). 
In the subfamily Phytomyzinae the reduction of the terminal section of the 
eosta proceeds also independenly in a number of phyletic* lines. At the ends 
of these lines are: Am aur omy za madrilena Spenc. and Cerodontha (Xcnophy- 
tomyza) atronitens (Hend.) in which the eosta ends at half the distanee be- 
tween r 4 + 5 and m 1+2 , Cerodontha flarocingulata (Strobl) [Fig. 31], Phytobia 
laticeps (Hend.) and PA. lunulata (Hend.), the two last species distinguished by 
Knderlein (1936) as a separate genus Liomyzina Endekl., further the genera 
Phytagromyza Hend. [Fig. 32], Rnhiomyza gen. nov., Pseudo napo?ny za Hend., 
and Phytomyza Fall. s. 1. [Fig. 33—37]. In many species the eosta extends 
still further behind the end of r 4+6 and the tracę of its former eourse may be 
seen. When m l+% takes a position on the longitudinal axis of the wing, then 
it sto])s there and only both the branches of the radial seetor shift forward. 
The degree of their shifting varies here even intraspecifieally and therefore 
it is hardly possible to use Hendel’s key which separates larger species groups 
of Phytomyza Fall. s. str. aeeording to the ratio of the costal seetions eon- 
tained between the ends of r x and r 2 + 3 and of r 4 + 6 and m 1+ż . 

The shifting of the anterior longitudinal veins results in opening the angle 
between tw 3 + 4 and a , and (in costalization of the second type) between 
m x + 2 and r 4+5 too. This makes the posterior ( t it , i. e. m-m) and anterior (t a} 
i. e. r — m) transverse yeins to move towards the basis of the wing and causes 
reduction of t p . Proximal translocation or atrophy of t p makes it ])ossible for 
iHt +2 to be toru off from 4 and for its shifting forward, while atrophy of 
the terminal section of the eosta and proximal shifting of t a makes it possible 
for r 4 + 6 to be toru off from m 1+2 . 8hifting of t p and t a in the proximal direction 
may be traced already in Calycomyza Hend. and partly in Liriomyza Mik, 
induding Cephalomyza Hend. and Praspedomyza Hend., it occurs morę dis- 
tinctly in many representatiyes of Phytagromyza Hend. and Rubiomyza gen. 
nov. and in Napomyza Hal. in Westw. [Fig. 33, 35, 37]. The location of t p 
and thus the ratio of the seetions of vein w 3+4 varies considerably within many 
species, e. g. in Agromyza flaripennis Hend., Cerodontha flarocingulata (Strobl), 
Cerodontha (Pooemyza) lateralis (Macq.), C. (Pooemyza) morula Hend., Liriomyza 
sonchi Hend., Liriomyza bryoniae (Kalt.). It is one morę reason why it eannot 
be used as diagnostic of genera. Due to the variability of this feature Cerodontha 
flarocingulata (Strobl) has recently been described repeatedly under new 
nanieś, as Phytagromyza spinicauda Hend. (t p close to t a ) and as Ph. ensifera 
Her. (t p far from t a , cf. ]). 100). Tn certain representatiyes of Napomyza Hal. 
in Westw. t p has already shifted on to the prolongation of t a [in N. annulipes 
(Meig.) and N. hirticornis Hend.] or even into a proximal position in relation 
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to i a [in N. elegant) (Meig.), Fig. 37, N. lal era lis (Fall.) and N. nigriceps 
(Wulp.)J. In Phytomyza Fall. s. str. [Fig. 34, 36] t p bas disappeared, wliile 
t a iias shifted dose to the base of the wing. Anomalies consisting in the appear- 
auce of additional transverse veins distally or proximally from t„ or t p , could 
be treated as expressing sonie tendency towards siiifting of transver.se veins 
or as traees of this evolutionary process. These auomalies were observed by 
Hbnoel (1931) in Cerodontha (Dizygomyza) bulbiseta (Mend.), by Meimng 







I nim 

37 


Fig. 33—37. Proiimal translocation and reduction of t p in Phytomyza Fall. 8 . 1 . Hori- 
zontal division into Napomyza Hal. in West w. and Phytomyza Fall. 8. str. Wing of: 33 
— Napomyza xylo8tei (Kalt.), 34 — Phytomyza periclymeni Meij., 35 — Napomyza 
glechomae ( Kalt.), 36— Phytomyza campanariae Nowak., 37 — Napomyza elegans (Meig.), 

(1935) in Agromyza alnibetulae Hend., A. ricifoliae Her., Melanagromyza 
lappae (Loew), Tylomyza pinguh (Fall.) and Cerodontha ( Dizygomyza) bitna - 
eulata (Meig.), and by the author in C. (D.) luctuosa (Meig.) (an additional 
tran8verse vein distally from t a in botli wings of a 2 reared from Carex sp. on 
15 XII 1952, inines found in Kraniclisteig in Germany by F. Groschke), 
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C. affinis (Kall.) (additioual t a iii a $ from Hkndel’ 8 collection) and A grom jf za 
igtrieeps Hend. (cf. Nowakowski, 19H0b). 

Reduction of th© posterior transver.se. vein (t p ) is noticed in various genera 
and species, presence or absence of the vein beiug a variable charaeter in A gro¬ 
my za intermittens Beck. [Fig. 29]. t p ultimately disappeared in Ophiomyia 
aeneonitens (Strobl), Metopomyza xanthaspis (Lok w), Cer odo ot ha (Nenophy- 
iomyza) aironitem (Hend.), Liriomyza esulae Hend., Haplomyza Hend. 

| including Liriomyza deficiens Hend., L . haploneura Hend, and L . latigenis 
(Hend.)], Irenomyia Nowak. [Fig. 38], Xeniomyza Her. in Meij. [Fig. 39], 
Oymnophytomyza Hend., Phytagromyza Hend. [Fig. 32], Pseudonapomyza 
Hend., in eight species of Rubiomyza gen. nov. and in all representatiyes of 
the “negative group” — Phytomyza Fall. s. str. [Fig. 34, 36]. Anomalies 
consisting in partial or complete reduction of t p , in one or both wings, have 
been observed by Hering [1935] in Agromyza nweipennis Zett., Liriomyza 
cieerina (Rond.) and L. strigata (Meig.), and by the author in Trilobomyza 
iierbaaci (Rghe) (in the right wing of a $ reared on 1 IX 1928 from Verbascum 
spec., minę found at Rostock in Mecklenburg by H. Buhr), Cerodontha (Pooe- 
myza) pygmaea (Meig.) (partial reduction in the left wing of a ęj collected at 
Helsinki by R. Frey), C. affinis (Kall.) (in the left wing of a specimen without 
abdomen, collected in Silesia in the XIX century by II. Scholtz), C. fulvipes 
(Meig.) (partial reduction in the right wing of a $ from Hendel’s collection), 
r. flavocingulata (Stroul) (partial reduction in the right wing of a (J from 
Hendel\s collection, identified by him as u Phytagromyza spinicauda Hend.”), 
Liriomyza flareola (Fall.) (partial reduction in the left wing and complete 
reduction in the right wing of a ę from Hendel\s collection) and Napomyza 
salviae Her. (complete reduction in both wings of a ? reared from Salria rerti- 
cillata L. on 29 VII1959, minę found at Sarajevo in Yougoslavia by the author). 
Napomyza ballolae (Her.) and N. soldanellae (Stary) were originaily described 
as representatives of Phytomyza Fall. s. str. probably because their types 
were abnormal specimens in which t p was atrophied. "Phytomyza secalina 
IIer.” was described on sonie specimens of Agromyza intermittens BECK. lack- 
ing t v (cf. Hering, 1935). 

As to the reduction of the posterior longitudinal veins it is morę distinct 
only in Xeniomyza Her. in Meij. where the anal vein has been atrophied 
[Fig. 39J. 

The reduction of wing yenation seems to be caused by the decrease of the 
wing size and also by the costalization. Costalization represents a dominating 
trend in the evolution of wing yenation in a number of groups of Diptera but 
it is in the family Agromyzidae that the process is particulary evident. Rou- 
dendorf (1951) distinguished even an agromyzoid subtype of wing Yenation 
as a progressive yariety of the muscoid type, characterized by the morę ad* 
yanced costal concentration of the veins. According to Rohdendorf costaliza¬ 
tion makes the flight organ morę efficient, flight playing an important role 


http://rcin.org.pl 


122 


J. T. Nowakowski 


56 


in Agromyzidae , as monophagous insects having not too strongly developed 
iegs and bonnd to seek their host plants. 

In the Agromyzidae certain sets of bristles covering the body of the adult 
Insect undergo parallel reduction. A partial atrophy of the bristles may be 
illustrated by the example of certain mesonotal bristles, namely the dorso- 




Fig. 38—39. Cofttal concentration of the wing yenation. Wing of: 38 Irenomyiu obscura 
(Rohd.-Holm.), 39 Xeniomyza ilicitensis Her. in Meij. (after Nowakowski, 1960a ). 

centrals (dc) and acrostichals ( acr ), these being currently used in taxonomy. 
Plesiomorphous forms have fonr pairs of long dc behind the transverse meso¬ 
notal siitnre and one or morę pairs of shortened dc before the suture. The 
pattern 4 + 1 (2, 3) has to be applied to numerous representatives of Agromyza 
Fall., to Rubiomyza falleni (Ryd.), R . hamata (Hend.) and R. similis (Bri.). 
In most of the remaining species the number of dc is estabbshed as 3 + 1. Further 
reduction results in patterns: 3+0 [gioup of Agromyza rubi Bri., A. celtidis 
nowak. (cf. Nowakowski, 1960b), certain representatives of Melanagromyza 
HeNd. and Ophiomyia Braschn., Tylomyza madizina (ITend.), Amauromyza 
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lamii (Kalt.), Cerodontha (Pooemyza) lateralis (Macq.), Calycomyza Mend., 
Campanulomyza gen. now, Rubiomyza zernyi (Hend.), Pseudonapomyza Hend.], 
later 2 + 1 (Agromyza flariceps Fall.) and finally 2 4-0 [the remaining re- 
presentatives of Melanagromyza Hend. and Ophiomyia Braschn., Tylomyza 
pinguis (Fall.), / renomyia obscura (Ronił.- Holm.), Metopomyza jcanthaspis 
(Loew), Encoelocera bicolor Loew, Rubiomyza orphana (Hend.), R. buhri 
(Meij.)]. Dorsocentral bristles when shortened become similar (o acr so 
that the number of dc is yariable or controversial within a given species [e. g. 
i n the group of Agromyza rubi Bki. or of .4. ambigua Fall., and in Cerodontha 
(Pooemyza) atra (Meig.) and (\ (P.) deschampsiae (Spenc.)), and that is why 
it cannot be, all the morę, diagnostic of natural genera. Thus, e. g. the sub- 
genus Calycomyza Hend. distinguished according to the pat tern 3 + 0 was 
an artificial group (cf. p. 97). Simiłarly the key division ot the genus Agromyza 
Fall. into two groups according to the number and arrangement of dc (Hen- 
del, 1931) proved to be an artificial one. 

In plesiomorphous forms the acrostichal hairs (acr) are arranged in s 10 
dense rows, extending far anteriorly and posteriorly, e. g. in Agromyza rufipcs 
Meig., Encoelocera bicolor Loew, Phytobia Lioy ( Dendromyza Hend.). The 
number of rows undergoes gradual reduction, alongside with their shortening 
and decrease of density, to 0, 4 and 2 or even 0 [the latter e. g. in Liriomyza 
(Cephalomyza) crucifericola (Her.), Phytomyza atricornis Meig.]. The number 
of acr rows, their density and extension is of rather smali taxonomic value 
even for distinguishing of speeies. The same holds true for interalar hairs ( ia ). 

Reduction of bristles, apparently caused by the decrease in generał body 
size may be assumed to be an example of quantitative reduction of homotypic 
parts, i. e. of oligomerization in its broader sense (Dogiel, 1954). Aside from 
the dominant reduction (oligomerization), there often oeeurs, however, a se- 
condary inerease in the number of bristles (polymerization) (cf. Hennig, 1958). 

Parallel orthoeyolution of larval spiraeles is characteristic to the whoie 
tribe Cyclorrhapha (Hennig, 1950). The secondary larval stigma (sj)iraele; 
cf. de Meijere, 1895) is placed upon a cuticular process (Stigmentrager). 
The primary (original) spiracular aperture, i. e. the tracheal opening, has 
sunk below the body surface and thus a cavity between the primary and 
secondary spiracular openings, called the atrium (Filzkammer), has developed. 
The secondary opening became dmded into few creyices whicli subseąuently 
may become divided into a number of minutę spiracular pores (Tiipfel). These 
crevices and pores become placed upon bud processes called bulbs (Knospen). 
The plesiomorphous number of secondary spiracular openings of the cyclo- 
rrhaphous amphipneustię larva may be considered to be 5 pores for the anterior 
spiracle, and 3 creyices for the posterior one. These numbers inerease, while 
crevices become changed or diyided into pores. The atrium grows and ramifies 
simultaneously assuming the shape of a fan or tree (cf. de Meijere, 1895; 
Hennig, 1950). 
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The plesiomorphous number of spiracular bulbs [cf. fig. 40 ] may still be found 
in uumerousrepresentatives of the Agromyzidae. The parallel increaseof the nuni- 
ber of spiracular bulbs is observed in yarious groups of the family, this amount- 
ing in the anterior spiracle finally to 50 (in the Jayanese Melanagromyza sojae 
Zechntn. ; cf. de Meijere, 1938) and to over 100 in the posterior one (in 
Phytomyza calthivora Hend.). The posterior spiracles will be here dealt with 
in detail as they are currently used for taxonomic purposes. 

In the genus Agromyza Fall. the plesiomorphous type of the posterior 
spiracle bearing three crevices is still the dominating one. Larger numbers 
of crevices are found only in A. rubi Bri. (H) and .4. salirina Hend. (8 10), 



b 


a 


Fig. 40. Plesiomorphous number of bulba in larval spiracles of Irenomyia obscura ( Roili*.- 
-Holm.): a anterior spiracle, b - posterior spiracle (from Caragana arborescens Lam., 
Łomianki near Warszawa, 22 VI 1957, after Nowakowski, 1960a, modified). 

while .4. lathyri Hend. and -4. dipsaei Hend. bear about 40 pores. In Japan- 
agromyza duchesnae Sasak. 10 bulbs are present, in J. ąuercus (8asak.) — 48 
bulbs on three branches of the spiracle (8 AS AK A w A, 1954). 

De Meijere (1937, 1938, 1950) arranged the species of Melanagromyza 
Hend. and Ophiomyia Braschn. according to the number of o]>enings on 
the posterior spiracle increasing from 3 crevices to 19 pores. In Ophiomyia 
ranunculicauli8 Her. there are over 25 bulbs, in the Jaranese Melanagromyza 
ricini Meij. — even 50. 

The spiracle bears three crevices in Phytobia Lioy, Nemorhnyza Frey, 
Trilobomyza Hend., Amauromyza Hend., Phytagromyza mamonom Her. and 
in numerous species of Liriomyza Mik, ineludiug Cephalomyza crucifericola 
Her. Most representatiyes of the complex of Liriomyza pmilla (Meig.) 
bear about 10 bulbs, while in L . (Praspedomyza) morio (Bri.) 13 bulbs occur, 
in L. (P.) approximata (Hend.) about 20. Liriomyza (Cephalomyza) cepae 
(Her.) includes three sibling species treated so far as races that differ in the 
number of bulbs, this being 9, 15 or 25 (Nietzke, 1943; Hering, 1956b, 1957b). 
Pteridomyza hilarella (Zett.) bears 15 bulbs, Liriomyza ornała (Meig.) — over 
40, like L. rirgo (Zett.). In Campanulomyza gen. nov. the number of bulbs 
yaries from 3 to 5 (cf. de Meijere, 1937). In the natural genus Calycomyza 
Hend. the moro plesiomorphous C. arłemisiae (Kalt.) bears three bulbs, while 
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the apomorphous speeies about 10. In the natural genus Cerodontha Bond. 
spiracles bearing three erevices on finger-like bulbs characterize tlie subgenera: 
Di zy górny za Hend. s. str. and Pooemyza Hend., while i n Cerodontha Rond. 
s. str. and C. flavocingulata (Strobl) the number of pores exceeds 15. Ireno - 
my i a Nowak, bears three bulbs [Fig. 40], Haplomyza Hend. 0 bulbs, Xe- 
niomyza Her. in Meij. - 8 bulbs. 

The number of bulbs in Phytomyza Fall. s. 1. is not less than 7 but il 
may exceed even 100. Within the numerous natural genera, into wliicli the 
group should be divided, spiracles show parallel differentiation series wliicli 
resemble orthogenetic series or allometric growth series and clearly demonstrate 
the deyiation rule [Fig. 41 —52]. Certain variability ranges of number of bulbs 
o. g. 7 — 10, 10 — 15, 14—20, 20—28, occur repeatedly. These ranges are broad 
enough within the particular speeies. They may oyerlap or even be identical 
not only in speeies belonging to different natural groups but also in speeies 
elosely related, e. g. in Phytomyza obscura Hend. and Ph . origani IIer., in 
Ph. tnnaceti Hend. and Ph. klimeschi Her., in Ph. angelicae Kalt. and Ph. 
selini Her. lt may be assumed that the laek of divergency of the plastic larval 
features is often due to the so-called convergenee (morę strietly parallelism) 
of raees (Hennig, 1950), whieh is to be expeeted es])eeially in conditions of 
a direetional and parallel eyolution. In deseendent speeies originating from 
a common aneestor there may occur independently a similar apomorphous 
feature, e. g. inerease of the number of bulbs up to the same average level. 

The eyolutionary proeess consisting in the growth of the number of spira- 
cular bulbs bearing respirative pores is an example of polymerization of homo- 
typic parts. Some remarkable acceleration of the proeess [ef. e. g. fig. 43—41 ] 
may bo interpreted by assuming that in ontogenetie and phylogenetic develop- 
ments the number of bulbs inereases not only by addition (i. e. diyision of 
only certain embryonal buds) but also by multiplication (i. e. morę or less 
simultaneous division of all the buds). This is confirmed by eases of multi¬ 
plication (mostly duplieation) of the number of bulbs in elosely related speeies 
[Fig. 53 — 58] as well as by those of a regular grouping of bulbs. Primary bulbs 
(primare Knospen) bear at times seyeral seeondary bulbs (sekundare Knospen). 
lt is strikingly remarkable in the Jayanese Agromyza tephrosiae Meij. 
(three triple bulbs), in Liriomyza ornata (Mkig.) (12 bulbs — double to four- 
fold, de Meltere, 1938) and in the Japanese Phytomyza kisakai Sasak. (39- 44 
bulbs in 10 groups, Sasakawa, 1954b). Yariability of the number of seeondary 
bulbs iudicates some eombination of multiplication with addition. 

Polymerization of the bulbs is accompanied by generał growth of the spi- 
raele, whieh is, at the same time, an allometric growth. The remarkable acee- 
leration and correlation of botli processes must be noticed. A hypertrophy of 
the organ seems to result from the critieal point of the allometric growth being 
surpassed. lt may be observed ])artieularly in Phytomyza calthivora Hend. 
(ef. fig. 44 and p. 131). 


http://rcin.org.pl 


126 


J. T. Nowakowski 


60 


0,1 mm 



41 


Fig. 41 — 52. Parallel differentiation series of posterior larval spiracles in Phytomyza Pall. 
s. str. : 41 — 44 — the group of Ph. abdominalis Zett. (on Ranunculaceae): 41 — Ph. 
campanariae Nowak, [from Pulsatilla pratensis (L.) Mill., Kampinos Forest, Granica, 
31 VII 1955, leg. J. T. Nowakowski], 42 — Ph. albimargo Her. (from Anemone ne- 
morosa L., Parkowo near Poznań, 26 V 1951, leg. J. T. Nowakowski), 43 — Ph. cal - 
thophila IIer. (from Caltha palustris L., Granica, 7 VII 1955, leg. J. T. Nowakowski), 

44 — Ph. calthivora Hend. (from Caltha palustris L., Młociny near Warszawa, 3 VII 1957, 
leg. J. T. Nowakowski); 45 — 48: the group of Ph. rectae IIend., (on Ranunculaceae): 

45 — Ph. rectae puhatillae Her. [from Pulsatilla pratensis (L.) Mill., Kampinos Forest, 
Łuże, 26 IX 1954, leg. J. T. Now akowski], 46 — Ph. hendcli Her. (from Anemone ne- 
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moro8a L., Reservation Granica, 8 VII 1955, leg. J. T. Nowakowski), 47 — Ph. ranun - 
culirora Her. (from Kanunculus repcns L., Młociny, 21 X 1955, leg. J. T. Now akowski), 
48 — Ph. linguae Lundq. (from Kanunculus flammula L., Reservation Sieraków', 13 IX 
1955, leg. J. T. Nowakowski); 49 — 52: the group of Ph. spondylii R. D. (on Umbel- 
liferae): 49 — Ph. spondylii R. D. (froin Heracleum sphondylium L., Tatry, Dolina 
Bystrej, 20 IX 1953, leg. J. T. Nowakowski), 50 — Ph. pastinacae Hend. (from Pasti- 
naca sativa L., Łagów', 10 VI 1950, leg. J. T. Nowakowski), 51 — Ph. sii IIer. (from 
Sium latifolium L., Kampinos-Forest, Sadowa, 27 VII 1957, leg. J. T. Nowakowski), 
52 — Ph. cicutae Hend. (from Cicuta rirosa L., Polisli Pomerania, Słupsk, 6 VIII 1925, 

leg. O. Kari.). 
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Fig. 53-58. ParaUel duplication of tke average numher of bulba in tlie anterior (a) and posterior (b) larval spiraeles in gome 
groups of Phytomyza Fall., 8. atr.: 53 — Ph. obscura Hend. [froin Safureja t mlgaru (L.) Fritsch., Kampinos-Forest, He.aer- 
vation Sieraków, 19 IX 1954], 54 — Ph. tetrasticha Hend. (froin Mentha aąuaiica L. t Promno near Poznań, 13 X 1951), 55 Ph. 
nepetae Hend. (froin Nepeta cataria L., Kiekrz at Poznań, 17 VII 1951), 56 - Ph. lycopi Nowak, (from Lycopuseuropaeus 
L., Reseryation Sieraków, 22 IX 1955), 57 - Ph. lithospermi Nowak., (froin Lithospermum officinale L., Łomianki near War¬ 
szawa, 22 VI 1957), 58 — Ph. symphyti Hend. (from Symphytum officinale IŁ., Rokietnica near Poznań. 24 VI 1951). Wier 
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Gyolution gives rise to several types of Bpiracles. The inerease in the number 
of bulbs is associated with an enlargement of the atrium which ramifies usually 
into two branche8 with slightly bent ends. If the branches of the atrium are 
very short or markedly bent then an “oval” type of the spiraele results: the 
top shield of the spiracular process is round, oval or kidney-shaped, with bulbs 
arranged in the shape of a crown, a horse-shoe or an open ellipse [Fig. 41, 42, 
45, 53b, 64b, 55b, 57b]. Oeeasionally the edge of the ellipse is deeply indented 
and thus the atrium appears to be star-shaped, e. g. in Phytomyza arteria 
Hend., Ph. adenostylis Her. If the branches of the atrium markedly extend 
being bent only slightly, the top shield of the spiraele deyelops into two “horns” 
and the “two-horned” type of spiraele results. According to the length of the 
horns two types are distinguished: a “short two-horned” (kurz zweihornig) 
type often found espeeially in the anterior spiraeles [Fig. 53a, 55a, 57a] and 
a “long two-horned” (lang zweihornig) one [Fig. 47, 56b]. Sonie eases show 
enormous lengthening of the horns, with coresponding directional widening 
of the spiracular process, the whole organ adopting the shape of a ledge pro- 
truding out of the puparium [Fig. 43, 44, 48, 51, 52]. Horns are never of the 
same length. In case when one of them is very slightly developed and the other 
markedly eztended, then there occurs the “single-horned” (einhornig) type 
of spiraele, e. g. in Napomyza glechomae (Kalt.), Phytomyza milii Kalt., Ph. 
fallacio8a Uri. [Fig. 26]. Morę rarely a marked inerease in the number of bulbs 
is accompanied by tree-like ramification of the atrium and the spiraele may 
become of an antler-like shape as well. This form of spiraele is found in gpecies 
feeding in stem pith, e. g. in Ophwwyia ranunculicaulis Her. (oh Ranunculus 
L.) and Phytomyza flaricornis Fall. (on Urtiea L.). 

The directional evolution of the spiraeles in endojihagous larvae has elearly 
adapthe character, giving an exam])le of caenogenesis (sensu Sewertzoff, 
1931). An enlargement of the spiraele through its growth and ramification 
together with a simultaneous inerease in the number of respiratory pores able 
to elose is an adaptation to liviug in a moist environment in which it is difficult 
to respire. This adaptation could render the gaseous diffusion between the 
tracheae and the environment inore efficient and protect the spiraele against 
being completely ])lunged in liquid constituents of the larval frass, in celi sap 
flowing out of toin plant tissue or in rain water often entering inside the minę. 

Hennig (1950) finds the number of spiracular pores in cyclorrhaphous 
larrae to be remarkably greater in saprophagous forms than in free living or 
feeding in live plant tissues. This would seem to be contradicted by the enormous 
inerease in the number of bulbs in phytophagous larva< 4 of the Agromyzidae , 
whieh originated — may be indirectly from saprophagous forms. Respiratory 
eonditions in the green living parts of ]»lants are, in fact, morę advantageous 
than in dead and decaying parts. llowever, even inside the minę there must 
be an oxygen defieiency at night time when the plant ceases to give it off. 
Hesides, the polymerization of bulbs adranees farthest in larvae feeding in 
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greenless stem pith (see above) or iu those mining in leaves or stems of marshy 
plants expo8ed to submergenc © l . 

In rainers of leaves and stems of marshy plants (helophytes) an increase 
in the number of spiracular bulbs is associated with an adaptation of the spi- 
racular ])rocesses to an additionał clinging function [Fig. 59—65]. As marshy 
or watery ground where helophytes grow does not favour the pupation of 
larva© or, even morę so, the ©mergence of adults from ]>uparia, the larvae 



59 


Fig. 59 —65. Parallel adaptation of the poaterior larval spiracles to the clinging function 
in speoiea mining in masrsh plants. Terminal part of puparium of: 59 Phytomyza ange- 
Hcastri Her. (from Angelica silrestris L.), 60 — Phytomyza linguae Lundq. (from Kauun- 
culus flammula L.), 61 — Liriomyza virgo (Zett.) (from Eąuisetum limosum L.), 62 
Phytomyza sii Her. (from 8ium latifolium L.), 63 Phytomyza cicutae IIend. (from 
Ciruta rirona L.), 64 — Phytomyza calthophila Her. (from Caltha palustris L.), 65 — 
Phytomyza calthirora 1Ikni>. (from Caltha palustritt L.). 


1 Kxceptions are in this respect: Agromyza lałhyri Hend. (on Lathyrus L.) and Japan 
agromyza guercus Sasak. (on (fuerrus L.) boaring ovor 40 bulbs. 
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pupate on the leaves or steins of the host plants, clinging with their posterior 
spiracles to the exit slit of the minę. As a result their posterior spiraeular pro- 
cesses are strongly developed and diverge laterally, thus resembling a cruteh. 
8uch a clinging organ seeuring puparia against plunging into water was obseryed 
by Hering (1951a) in three speeies belonging to two different genera, i. e. in 
Liriomyza rirgo (Zett.) (on Eąuisetum limosum L. and E. palustre L., fig. 61), 
in Phytomyza cicutae Hend. (on Cicuta virosa L., fig. 63) and Phytomyza 
calthtoora Hend. (on Caltha palustris L., fig. 65). The author has found similar 
though less develo])ed adaptations in three morę speeies, i. e. in Phytomyza 
sit Her. (on Sium latifolium L. and Bcrula angustifolia L., fig. 62), in Ph. 
calthophila Her. (on Caltha palustris L. and C. laeta Sch. N. K., fig. (U) and 
in Ph. linguae Lundq. (on Ranunculus lingua L. and R. flammula L., fig. 60). 
Among these six similar forms there are two pairs of closely related speeies: 
Phytomyza sii Her. with Ph. cwutae Hend. and especiałly Ph. calthophila 
Her. with Ph. calthirora Hend. Iii each of the two pairs the latter speeies shows 
not only a better developed clinging organ (i. e. a morę than twiee as long 
spiraeular process as in the former speeies) but it has also 2—3 times larger 
number of bulbs, if compared with the former speeies, thus representing a high- 
er level in a series of growing apomorphy [Fig. 43—44, 51—52]. There is 
overv reason to believe that the pair of miners of Caltha L. — Phytomyza 
calthophila Her. and Ph. ealihhora Hend. - originated from an direct commou 
ancestor, the former of the quoted deseendents only slightly deviating from 
this ancestor so that it represents approximately the starting level of the 
latter descendent. 

Spiracles being well adapted to the clinging function bear here, at the 
same time, the largest numbers of bulbs, and they occupy the highest level 
within the series of growing apomorphy, thus being the end result of an evolu- 
tionary trend. Sonie tendency to develop such clinging organs may be observed 
in certain other speeies, first of all in representatives of Phytomyza Fall. s. 1. 
mining in marsh plants, e. g. in Napomyza huhriana Her. (on Ranunculuts 
sccleratuK L. and R. repem L.), Phytomyza archangelicae (on Archangelica lito - 
ralis Fr.), Ph. calthae Her. (on Caltha palustris L.), Ph. phellandrii Her. [on 
Cicuta rirosa L. and Oenanthe aąuatica (L.) Poir.], moreover in Liriomyza 
ornata (Meig.) (on Butomus umbellatus L.). This tendency can also be seen 
in certain speeies which are only partially connected with marsh plants or 
marshy habitats, e. g. in Phytomyza angelicastri Her. (on Angelica silrestris 
L., fig. 59), Ph. ranunculi (SniRK.) and Ph. ranunculiwra IIer. (on /»\i- 
nunculus acer L., R. repens L., R. lanuginosus L. etc.), the latter speeies re¬ 
presenting the starting level for Ph. linguae Lundq. [Fig. 47—48] to whicli 
it is closely related. A morphological tendency to develop the clinging organ 
is always accompanied by the habit of sticking to the exit slit of the minę. 
A puparium with its U crutch ,ł not adequately deyeloped sticks but slightly 
to the leaf, tears off readily and falls into the water or to the muddy ground. 

S 
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In such conditions it may be seeu how an adaptatiye character mainfcains 
itself and develops by the operation of natural selection. 

An adaptatiye trend may be explained by orthoselection, i. e. by uni-direct- 
ional selection pressure in constant environmental conditions. Orthoselection 
arranges random mutations into one successiye series. Besides, there is not 
to be exduded a tendeney to directional mutations (a mutational pressure) 
resulting from long-lasting orthoselection or even due to a direet environ- 
mental influence, the morę so as mutagenic factors are morę broadly com- 
prehended now. The materiał for parallel evolution form parallel mutations 
(Vavilov’s law of homologous series) systematized by orthoselection into 
successiye series (cf. Hitxley, 1942; Simpson, 1944; Hennig, 1950; Remane, 
1952). 

It is well known that especially parasitic groups evolve in a directional 
and parallel way, for related parasites react in a similar manner to influences 
exerted by similar host organisms (cf. Szidat, 1956). The parasitic Life of the 
Agromyzidae is a direet cause of caenogenetic trends, that is of evolutionary 
trends of the larvae: the diminishing of the body size and the enlargement 
of spiracles associated with polymerization of their openings. Neyertheless, 
the decrease in the laryal body size brings about a decrease in the adult body 
size, this tendeney seems to be followed by the other two trends found merely 
in the evolution of the adults, i. e. by the oligomerization of bristles and by 
the reduction of wing yenation, the latter being caused by the costalization 
as well. Costalization could depend on flight mechanics which, in turn, influen¬ 
ces a decrease of the adult body size and then a reduction of wing yenation 
and of bristles too. 

The subtle difference between divergent speciation and evolution in its 
stricter sense (somethiug like phyletic evolution; Simpkon, 1944) is far easier 
to grasp in conditions of directional and parallel development of a group. 
A species may evolve in certain characters and still remain a single interbreed- 
ing community. E. g. indiyiduals of Agromyza intermittens Beck. that had 
completely lost t p [Fig. 29], these which show partial reduction of the vein, 
as well as those which have it wholly preserved belong to the same interbreed- 
ing community. Even in the case of an atrophy of t p in all the indiyiduals, 
which may appear in the futurę, they wili still constitute the same species — 
Agromyza intermittens Beck., and not a new r successiye deseendent species, 
if this morphological change is not connected with a change of the ecological 
niche and a sexual alienation of the altered indiyiduals. Similarly, the proxi- 
mal shifting of t p does not mean a transformation of Cerodontha flavocingulata 
(Stroił) into “Phytagromyza spinicauda Mend.” (cf. p. 119); the discrimination 
of the latter in an example of a horizoutal division madę in this case even 
intraspecifically. On the other hand, a splitting of an interbreeding community, 
as effected by adaptation to yarious host plants and by differentiation of the 
genital apparatus, may proceed without advance in certain processes of direet- 
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ional evolution. In this way the genital apparatus as well as ecological niche 
eharacters are of morę important taxonomic value than external features of 
adults or larval features evolving directionally. It is just one of the niain tasks 
of taxonomy to distinguish between eharacters resulting from divergent specia- 
tion and those due to the directional evolution within a group. 


REMARKS ON HOST PLANT SELEPTION 
BY MINING FLIES 


Most Plant Specificity 


The specificity of host-parasite relation in the Agromyzidae has already been 
stressed. The larvae of a given Agromyzid species feed only on certain defiuite 
plant species (host specificity), in a certain plant organ and tissue (topospecifi- 
city) and in a certain definite way. These strictly defined food and living 
requirement8 and feeding habits of the larvae constitute important taxonomic 
features, and they make it possible to use the host-parasite discrimination 
method. 

The host plant specificity of phytophagous insects, being mainly the 
ivsult of their food specializatiou is, after all, narrower in generał, than it 
might have seemed upon superficial observations. It is monophagy and re- 
stricted oligophagy that prevails in most groups (Rrues, 1946). The picture 
has often been confused by erroneous data in the literaturę, however, a morę 
eareful study of a given group of phytophagous insects in naturę, shows as 
a rule certain morę definite food reąuirements (cf. IIeikertingkr, 1951). 

Similarly, as studies on mining insects advance, alleged polyphagous 
species have often proved to be, in fact, limited oligo])hagous or even mono- 
phagous. To realize better how much progress has been madę in this field it 
is hardly necessary to resort to XIX-century works, it is sufficient to compare 
the latest valuable work of Hering (1957a) with certain papers of the twenties 
or even thirties of this century. Ilowever, even this recent work reąuires 
further corrections in this respect. For example it could be recalled how the 
list of host plants of Phytomyza obscura IIend. changed within the last 40 
years: 

Mendel, 1920 Labiatae : Satureja L. 8. 1., (udeopsis L. ; Compoaitae : Arclium L. 

Hering, 1927 Labiatae : Satureja L. 8. 1 ., Origanurn L.; Boraginaceae: Symphytum L. 

Mendel, 1930 Labiatae : Satureja Ti. 8. 1., Origanurn Ti., Mentha L. t Lycopus L. f Galeopsis 
L., Nepeta L. 

Hering, 1935— 1937, 1957 Labiatae: Satureja L. 8. 1., Origanurn L. (Ph. o. origani Her.), 
Mentha L. (Ph. obscura Mend. and Ph. o. tetrasticha IIend.), Lycopus L., Galeopsis 
L., Nepeta L. and Dracocephalum L. (Ph. o. nepetae Mend.). 

Nowakowski, 1959 — Labiatae: Satureja L. 8. 1. 
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These misidentifications liave resulted from the similarity of Phytomyza 
obseura Hend. in minę, larva or external adult morphology to 

Phytomyza lappwora Hend. f (on Arctiuni L.) 

Phytomyza symphyti Hend. (oh Symphytum L.) 

Liriomyza eupatorii (Kalt.) (on Oaleopsis L.) 

Phiftomyza nepetae Hend. (on Nepeta L.) 

Phylomyza lycopi Nowak, (on Lycopus L.) 

Phytomyza tetrasticha Hend. (on Mentha L.) 

Phytomyza origani IIeh. (on Origanum L.). 

Strict monophagy, on the other hand, corresponding to strict host plant 
specifieity is rather rare if it does not result from the plant genus 
being monotypie (cf. Tempebe, 1946; Heikertingeh, 1931). Many a tiim* 
an insect species is considered to be strictly monophagous for the siinple reason 
that its host plant genus is represented by a single autochtonie species in 
a given area, and yet the insect in qu68tion behaves as an oligopliagous one 
as regards allochthonic ]>lant species or else when found in sonie other areas. 
While investigating mining insects in botanical gardens, Buhk (1932, 193 7, 
1941, 1954) discovercd many such cases. The same phytophagons fauna feeds 
on closely related and slightly differentiated ]>lant sjiecies, hybridizing ones 
in particular. That is why Voigt (1932) and Hering (1926, 1951a) were correct 
in exteuding the notion of monophagy to include certain kinds of restricted 
oligophagy, occuring most freąuently among phytophagous insects. Besides 
monophagy of the first degree (strict monophagy) Hering (1951a) distinguished 
monophagy of the second degree (a particular phytophagous species feeding 
on a single jilantsectionorsubgenuB) and monophagy of the third degree (a parti¬ 
cular phytophagous species feeding on a single plant genus). Yoigt (1932) 
having restricted the notion of oligophagy, distinguished systematic oligo¬ 
phagy (a particular phytophagons species feeding on related plants) and 
disjunctive oligophagy (a particular phytophagous species feeding on a rela- 
tively smali number of unrelated plants). These two kinds of oligophagy form 
together the combined oligophagy (Heikertingeh, cf. Hering, 1951 a). 11 e- 
ring (1951a) defined three degrees of systematic oligophagy: the first degree 
means a phytophagous species feeding on representatives of rarious plant 
genera belongiug to the same family, the second — that on representatives 
of yarious plant families of the same order, the third — that on those of a num¬ 
ber of different but related plant orders. This classification cannot be, of course. 
nothing but a relative one. 

Among the Agromyzidae monophagy of the second and that of the third 
degree are most common, systematic oligophagy of the first degree being 
freąuent. too: within the latter, however, a number of subdegrees of an ever 
lower freąuency should be distinguished, namely a phytophagous species 
feeding on a number of closely related plant genera (e. g. Napomyza aconito- 
phila Hend., Phytomyza aconiti IIend. or Ph. aconitella Hend. on Aconitum 
L. and Delphinium L.), on a plant tribe [e. g. Phytomyza affinis Fall. on 
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Cynareae (except Arctium L.) or Ph. eonyzae Hend. on / nuUae), on a plant 
Riibfamily (e. g. Agrarny za spiraeae Kalt. on Rosoideae or Phyłomyza sonchi 
R. D. on Liguliflarae ), and finally on nearly a whole family [e. g. Trilobomyza 
labiatarum (IIend.) on Labiatae], 

Before we proceed to discuss fche oligophagy of higher degrees and poly- 
phagy, the species of morę concealed larval life habits, i. e. those feeding in 
cambium, in stem pith, stem basis, roots or on the hypanthinm, in fruit or seeds, 
must be dealt with separately. The feeding reąuirements of these species have 
not been fully discorered so far, yet as it results from certain morę recent 
investigations, monophagy seems to prevail here too. KangAvS (1937) has 
assumed that every single speeies of Dendromyza Hend. is linked with a single 
tree genus. Hering (1957b) and Spencer (1957c) have shown a morę narrow 
liost specifieity of certain representatives of Męlanagromyza Hend., feeding 
in stem pith. M elan ugra my za aeneiventris (Fale.) and M. lappae (Loew), very 
similar to eacli other and both feeding in stems of Compositae and Umbelliferae 
(the former species also in those of Urtica L.), have proyed to be coraplexes 
of monopliagous species differentiated inainly in the larval stage. A number 
of monopliagous species of Ophiumyia Brasciin. was discovered earlier; they 
live in stems but often resemble 0. maura (Meig.) producing a very loug linear 
minę in the leayes of Solidago L., Aster L. and Erigeron L. (Compositae ). The 
information given by Allen (1956) that this species had been found in the 
storn of Beracleutn L. (Umbelliferae) too, was next corrected by Spencer 
(1957b) and by Aulen herself (1958). As far as the present data are concerned, 
S apomyza lateralis (Fall.) is the only polyphagous species amoug non-lcaf 
mincrs; it occurs on Compositae and Umbelliferae and also on Campanulaceae , 
Verbenaeeae , Scrophulariaceae , Ranuneulaeeae and Urticaceae (HenDEL, 1934). 
A certain lack of liost specificity is accompanied herc by a lack of topospecificity 
of the parasite that may live in inflorescences, stems, stem bases and leaf 
petioles, giving rise to sonie deformations of these plant organs (Biur, 1955). 
But this \ery variable parasite may also constitute a group of sibling species, 
eacli of morę restricted feeding habits. 

As regards leaf mining Agromyzidae one case of systematic oligophagy of the 
second degree is known to occur: Trilobomyza flacifrons (Meig.), a cornmon para* 
site of the Garyophyllaceae, occurs at times also on Beta L. and Chenopodium L. 
(Hering, 1951a, 1957a) belonging to the dosely related family Chenopodiaceae 
(order Centrospermae ). 

Cerodontha (Dizygomyza) luctuosa (Meig.) that was supposed to feed on 
Carex L. and exceptionally on Eriophorum L. ( Cyperaceae , Cyperales ), and 
besides on members of the group of Juneus effusus L. (Juneaceae 7 Liliiflorae) 
was thus regarded as showing systematic oligophagy of the third degree (Hen- 
del, 1931; Hering, 1937, 1951a, 1957a). Though the form living on Juncas 
effusus L. has already been distinguished by Karl (1926) as Dizygomyza effusi 
Karl, it was not, however, characterized by any essential morphological 
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featureH. Neither could de Meijere (1928, 1941) distinguish D. effusi Karl 
on the basis of larval characters. Groscuke (1955) recognized the species by 
finding sonie differences in the minę and alleged differences in the coloratiou 
of the puparia. Bering (1957a) treated it lately as a subspecies. It was not 
until the author had examined the genitalia of the males reared from Carex 
hirta L. (2 emerged on 14 V 1956, mines found on 3 XI 1955 at Cybuliee 
in the Kampinos-Forest, 1 emerged on 24 VII 1925, miues found by E. M. 
Bering at Berlin-Frohnau) and from Juncus effusus L. (1 £ emerged on 
21 I 1926, mines found by O. Kari, at Słuspk in the Polish Pomerania, 2 
emerged on 11 V 1950, mines found on 17 X 1955 in the Eeseryation Granica 
in the Kampinos-Forest, 1 $ emerged on 4 VI 1958, mines found on 7 XT 1957 
in the same Eeservation) that the specific distinctness of Cerodontha (Dizy - 
gomyza) effusi (Karl) was proved definitely [cf. fig. 66 07]. 

Trilobomyza rerbasci (Bche), morę closely connected with Scrophularia L. 
and Verbascum L. ( Scrophulariaceae , Tubiflorae ), was recently found repeatedly 
on Buddleia imriabilis Hemsl. (cf. Bering, 1951a; Buhr, 1954) whieh was 
till now included in the Loganiaceae (order Contortae). This phenomenon was 
interpreted as xenophagy bordering on systematic oligophagy of the third 
degree (cf. Bering, 1951a). However, by eourtesy of Professor Bering (in 
łitt.) we learn that in the modern system of plants Buddleia L. will be included 
in the Scrophulariaceae , thus Trilobomyza rerbasci (Bche) showing systematic 
oligopliagy of the first degree. 

In the Agromyzidae there is no proper disjunctiye oligophagy, however, 
three cases of combined oligophagy are known to occur here. Agromyza reptans 
Fall., a common miner of Urtica L., feeds on other Urticaceae too: on Parie - 
taria L. and Laportea L., as well as on Cannabaceae: on Cannabis satira L., 
C. gigantea hort. and Humulus japonica Sieb. et Zucc. (Buhr, 1937, 1954), 
thus being attached to the order Urticales and showing systematic oligophagy 
of the second degree. But observations madę by Buhr (1937) in the Botanical 
Garden at Rostock showed that larvae of this siiecies were feeding and 
attained their fuli deyelopment also on Mentzelia albie a u lis Dougl. and M. 
lindleyi Torr. et Gray ( Loasaceae , Parietales). Liriomyza brassicae (Bill.) 
(=2/. cruciferarnm Ber.) closely linked with the Cruciferae feeds not only 
on the Resedaceae and the Capparidaceae , also belonging to the order Rhoeadales , 
but also on Tropaeolum L., a representative of the order Gruinales (Buiir, 
1937). The two mentioned cases of combined oligophagy may be explained 
by biochemical similarity of these unrelated liost ])lant groups (cf. p. 143). 
Only a single exceptional case of an oligophagous species feeding on unrelated 
plants, between which no phytochemical affinity has been shown till now, 
is still to be explained: Liriomyza eupałorii (Kalt.) makes a serpentine minę 
(heliconome) on Galeopsis L. (Labiatae) as well as on Eupatorium L. and morę 
rarely on other Composiłae , such as Solidago L., Aster L., Helianthus L. and 
Lapsana L. (Bering, I957a). Originally, a form mining similarly on Cannabis 
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Fig. 66 — 67. A pair of monopkagous sibliug species, treated till now as a single oligophagous 
species. Małe copulatory apparatus of: 66 — Cerodontha {Dizygomyza) luctuosa (Meig.) 
(from Carex hirła L., Berlin-Frohnau, 24 VII 1925, leg. M. Hering), 67 - Cerodontha 
(Dizygomyza) effusi (Karl) (from Juncus effuaus L., Kampinos Forest, Reservation Siera¬ 
ków, 11 V 1956, leg. J.T. Nowakowski). 
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L. (Cannabaceae) was included in this species. Due to certain slight colom* 
differences, Hendel (1931) liad distinguished this form as Liriomyza cannabis 
Hend. Buhe (1937), howeyer, succeded in his experimental transplantation 
of the larvae from Cannabis L. to Eupatorium L. and bark from Eupatorium 
L. to Cannabis L., and also from Cannabis L. to Galeopsis L., without stopping 
the dev©lopmental cycl© of the insert. While examining the genital apparatus, 
the author has found no differences between males reared from Eupatorium 
caunabinum L. and from Galeopsis pubesoens Bess., and nothing but slight 
peculiarities regarding males reared from Cannabis sativa L. have been noticed. 
Thus, if the forma feeding on the plants mentioned are two or even three sibling 
species by now, they all must have ąuite reeently been but one speeies attached 
to representatiyes of three completely unrelated plant families. 

We know but four polyphagous species of leaf mining Agromyzidae: Phy- 
tomyza atricornis Meig., Liriomyza striyata (Meig.), L. bryoniae (Kalt.) and 
L. (Cephalornyza) crueifericola (IIer.). lt is uncertain whether their polyphagy 
is still fully maintained at present but there is no doubt that it is a secondary 
one. The four species mentioned have certain host reąuirements too, sińce 
tliough they occur on numerous and freąuently unrelated plants, they still 
keep avoiding certain ])lant groups and species, they also reveal obvious pre- 
ferences for certain taxonomic and ecological groups of their host plants (cf. 
pp. 155 — 156). Polyphagy of a species is not always accompanied by its common 
occurrence and at any ratę by its uniform distribution on the flora and vegeta- 
tion (cf. pp. 144, 155—156). 

The occurrence of a phytophagous species on its specific host plants, termed 
by Voigt (1932) primary substrata (]>rimare Substrate), is referred to by him 
as euphagy (Euphagie). Xenophagy (Xenophagie) is the reverse of that notion. 
That is an exceptional occurrence of a phytophagous species on a non-specific 
host plant termed secondary substratum (sekundares Substrat). Xenophagy 
in its strict sense applies merely to cases in which a non-specific host plant 
is neither related to the specific one nor similar to it phytoehemically. Yoiot 
(1932), Hering (1951a, 1957a) and certain other authors gave a number of 
examples of sucli “errors” committed by mining insects in their choice of host 
plants. Hering (1951a) even put forward a supposition that cases of erroneous 
oyiposition on non-specific host |)lants were (juite common in naturę and yet 
escaped our attention. The reason is that larvae having unsuitable food die 
before they attain their fuli development. 

However, not a single case of xenophagy (in the strict sense) was found 
in the large number of leaf mines we had collected and examined. We belieye 
therefore that the phenomenon concerned occurs extremely seldc^m and is 
quite exceptional in the Agromyzidae. The examples given in the literaturę, 
do not seem trustwortliy as a rule. We are just bound to suspect that they 
have resulted from misidentification of plants or from that of now insect species. 
Thus for instance, the information that Trilobomyza flarifrons (Meig.) had been 
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fouiul on Słuchy# german ira L. (Labiatae) was lately eorrected by Hering 
himself (1957a) as probably resulting from Lychnis coronaria Desy. ( Caryophylla - 
ceae) being taken for the former plant concerned. Sonie CaryophyUaceae were 
mistaken for other plants or sonie mines were misidentified, thus explaining 
tkree further cases of “xenophagy v of Tri lubo my za flavifron s (Meig.): on Ly- 
simachia nemorum L. ( Primulaceae , Stary, 1930), on Anthyllis miner aria L. 
( Leguminosae , Kydkn, 1955) and on Oalinsoga Ruiz. et Pav. (Compositae, 
Hering, 1957a). The inforination that Cerodontha (Dizygomyza) iraeos (Gour.) 
had beeu found on Typha latifolia L. (Typhaceae) was due to a misidentifica- 
tion of Iris pseudacorus L. ( Iridaceae ; cf. IIendel, 1931; Hering, 1957a). 
Brischke’8 (1881) inforination on Liriomyza impatientis (Bm.) as being found 
on Circaea lutetiana L. (Oenołhcraceae) was probably due to his taking Im pa - 
iiens nolitangere L. (Balsaminaceae) for the former plant. In Karl’s collection 
the author has found a małe specimen of Napomyza glechomae (Kalt.), la- 
beiled <as having been reared (13 Tl 1925) from Veronica chamaedrys L. (Scro- 
phulariaceae , the minę colleeted near Słupsk in Polish Pomerania). The plant 
in (juestion, however, grows so frequently together with Glechoma hederacea 
Ij. ( Labiatae ) and the lower leares of both plants are at times so similar that 
they eould be mistaken for each other. Hering (1936) reported finding of 
u Phytagroviyza similis (Bri.)” a miner of Knautia L. ( lJipsacaceae ), on Cen- 
taurea atropurpurea Wedost. et Kir. ( Compositae ), but subseąuently (1937) 
he described the reared specimens as a new species u Phytagromyza cen taurea - 
na Her.” De Meijere (1926) was said to have found larvae of Phytomyza 
lappina Gour. on Dierrilla trifida Mncii. (Caprifoliaceae) growing in the neigh- 
bourhood of Arciium lappa L. (Compositae) which was abundantly invaded 
by its parasite. But the uncertainty of this identifieation based exclusively 
on the larva and its minę can just be seen from the fact that two other species, 
namely Phytomyza eupatorii Hend. (on Eupatorium cannahinum L.) and Ph. 
senecionis Kalt. (on Senecio fuchsi Gmel.) were simultaneously mistaken 
by de Meijere for Phytomyza lappina Gour. Liriomyza trifolii (Burg.) was 
found by Buhr (1953) on Passiflora spec. ( Passifloraceae , Parietales) but as 
an empty minę only. Not a single case of xenophagy (in the strict sense) has 
been recorded by a specialist so far in an accurate and a morę convineing 
manner, yet such cases could seem pretty common when identifying species 
on the ground of the external adult morphology. We do not deny that xeno- 
phagy exists as such, as the passing of phytophagous insects to non-specific 
plants. The example in the literaturę seem to show, however, that entomo- 
logists are morę likely to be mistaken in identifying plants and insects than 
it. is the case with insects in their ehoice of plants. 

Cases bordering on xenophagy and systematic oligophagy, i. e. sporadic 
occurrence of a phytophagous species on plants dosely relatod to its specific 
host plants, seem to be quite common among the Agromyzidae. The interprcta- 
tion of many such a fact, howeyer, is uncertain because of impossibility of 
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an exact speeies identification or of an inadeąuate kuowledge uf its ecology 
and geographic distribution. If no małe has been reared from the larva found, 
it eannot at times be decided whether it was the presence of a known insect 
speeies on a non-specific host plant, i. e, xenophagy (in the broader sense), 
or the finding of a “new”, i. e. so far unknown, insect speeies. Por instance, 
the producer of leaf minę found by the author on Primus mahaleb L. (in Poznań, 
21 VI1951) eould have been either Agromyza spiraeoidarum Her., a miner 
of the Spiraeoideae , or 1. spiraeae Kalt., a miner of the Rosoideae , or a “new” 
speeies closely related to them and linked with Prunoideae (ef. Hering, 1957a). 
Similarly, we can hardly be certain, whether Phytomyza spondylii R. D. clo¬ 
sely eonneeted with Ueraclernn L. has been a produeer of certain linear mines 
found by Spencer on Angelira L. and Astrantia L. (ef. Hering, 1957a). At 
times, however, despite the exact identification of an insect speeies we eannot 
be certain, whether its “new” host plant has really been a non-specific one 
or whether it has been rather a specific but accessory (secondary) host plant. 
The classification of hosts as “primary (main)”, “accessory (secondary)” or 
else “accidental, occasional (non-specific)” would be, of course, to a large 
extent an arbitrary one, sińce the parasite behaves towards them in a differently 
way depending on the ecological and geographic conditions and it is often 
differentiated into biological races, each eonneeted with a particular host 
(cf. pp. 158—159). Whether a phytophagous speeies has passed to a non-specific 
host plant, may only be found when the plant is an allochthonic one originat- 
ing from outside the distribution area of its parasite. Two speeies, for instance, 
living on Erigeron acer L.: Phytomyza erigerophila Her. and Calycomyza hu - 
meralis (Kos.) (the latter linked also with Aster L., Bellis L. and other allied 
plant genera, cf. Buhr, 1941) have moved to Erigeron canadensis L., a weed 
of North American origin, common in Kurope. And yet Erigeron canadensis L. 
can be a secondary host for Phytomyza erigerophila Her. only, because Calyco¬ 
myza humeralis (Ilos.) occurs also in the Nearctic Region (Frick, 1952). 
Recently (on 25 VI1 1955) the author has reared from this weed plant (grow- 
iug at Łomianki near Warszawa) a małe specimen of Calycomyza solidaginis 
(Kalt.), a miner of Solidago virgaurea L. and of Erigeron acer L. (cf. Hering, 
1960), unknown in North America. Not all the cases of phytophagous insects 
moving to foreign plants grown in botanical gardens (cf. Builr, 1932, 1937, 
1941, 1954) could be assessed as, for the present, the distribution areas of 
most Agromyzid speeies remaiu unknown. 

In the case where a phytophagous insect makes efforts to get a new host 
plant but eannot overcome its resistance, we speak of lethel oligophagy (He¬ 
ring, 1951a). For instance, uncompleted mines with dead larvae of Phytomyza 
heringiana Hend., a parasite of Malus silrestris (L.) Mill., have been found 
on Cydonia rulgaris Pers. (Hering, 1957a), while dead larvae of Liriomyza 
trifolii (Burg.), a miner of a number of the native Leguminosae y on Robinia 
psudacacia L. (Hering, 1952). 
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Influence of sonie Factors on llost Plant Cktoice 

The plant choice madę by a phytophagous insect and its ability to break 
direct plant res i stance and resistance of its secondary environment, i. e. the 
pseudoresistance, depends on the whole of the speeifie and individual characters 
of both partners and on their physiological state at the given moment. This 
physiological State is determined, on the one hand, by the life rhyfcm of both 
partners and, on the other, by the secondary enyironment exerting an influence 
on the phytophagous insect both directly and indirectly, i. e. through its 
host plant. Among all the factors involved it is usually the one approaching 
the minimum that decides (cf. Nuorteya, 1952). In approaching the subject 
from its ecological side, we shall try to grasp some factors of greatest importance, 
and to show by means of some concrete examples what influence they may 
exert. 

It foliows from the present discussion that among the Agromyzidae pre- 
dominate kinds of host plant specificity that could be termed, as a whole, as 
systematic oligophagy (in the broadest sense), i. e. a phytophagous species 
feeding on a number of related species of host plants. Sueli dependence of 
liost plant choice on their natural relationship, observed in most groups of 
phytophagous insects (cf. Petersen, 1930; Brues, 1946; Heikertinger, 
1951; Hering, 1951a; Nuorteya, 1952) is especiaily pronounced in the dipterous 
family discussed. However, considerable deyiations from the prevailing prin- 
ciple exist here too. They are not inerely cases of polypliagy and of combined 
oligophagy but also a lack of strict dependence of systematic oligophagy on 
the degree of the host plant relationship. An Agromyzid species may avoid 
certain plant species or genera within a larger systematic group of its hosts, 
or else it may occur eelusively on plant species or genera that are not consi- 
dered as directly related. Thus, for instance, Trilobomyza eerbasci (Bohe) 
feeds on Scrophularia L. and Verbascum L. belouging to two different sub- 
families of the Scrophulariaceae but invades no representatiyes of other genera 
belonging to the above subfamihes. Phytomyza pauliloewi Hend., morę closely 
connected with the group of Peucedanum oreoselinum (L.) Mnch., occurs also 
on Pimpinella saxifraga L. and P. major (L.) Htjds. but, on the other hand, 
avoids Peucedanum palustre (L.) Mnch. Pkytomyza rectae Hend. s. 1. occurs 
as biological subspecies (or perhaps sibling species) on Clematis reda L., Atra- 
gene alpina L. and Puhatilla Mill., but occurs neither on Clematis mtalba L. 
nor on Anemone L. s. str. and Hepatica Mill. Purther examples of similar 
deyiations will be given when the influence of leaf structure as well as of the 
ecological character and geographic distribution of the ])lant on its choice by 
phytophagous insects will be discussed. Such slight breaks in host ranges can 
hardly by cailed disjunctive oligophagy, the morę so in many a case they 
are controyersial as the present plant system is still far from perfection 
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(cf. pp. 144 — 145). There is no doubt, howeyer, tliat the influence exert.ed by 
many secondary factors modifies that of the main factor, namely that of 
the phylogenetic relationship of the host plantH. 

Oligophagy (iii the broadest sense) is usually ex])lained by phytoehemical 
similarities of the seleeted ]>lant species as well as of the invaded plant organa 
and tissues, certain authors paying morę attention to “nutritional” substances, 
while others to “attractiye” substances. Hering’s excellent theory (1920. 
1051a) establishing a connection between the choice of food by mining inseets 
and the affinity of speeific plant proteina is an interpretation of the first kind. 
Hkkinc; starts from the assumption that plant proteina are the main, if not 
the only, food of mining inseets and tries to prove a certain correlation between 
the oligophagy of these inseets and the results of serum diagnoses by the school 
of Mez. The inyestigations in ąuestion, howeyer, concerned rather relationsłii]> 
between plant familiea than within them. Thus, it is uncertain, to what extent 
IIkking is justified in establishing sonie dependence of the food specialization 
degree of mining inseets on that of differentiation of speeific proteina of their 
host plants. Does the monophagy of most miners of the Ranuneulaceae , Umbelti - 
ferae and Gompositoe correctly indicate a high degree of protein differentiation 
within these families ! Does the preponderance of oligophagy among miners 
of the Caryophyllaceae , Cruciferac, Rosaceae and Gramineae correct ly indicat e 
a low T degree of soch differentiation ? This will perhaps be answered by morę 
detailed serum diagnoses. The behaviour of oligophagous species in cases 
wlien serum diagnosis was obyiously contrary to the results of comparative 
morphology and other disciplines which form the basis of systernatic botany t 
would be of thegreatestlmportance in evaluating Uering’8 theory. In connect¬ 
ion with a similar protein reaction of the Gramineae and Leguminome , IIk¬ 
king (1951a) indicates that Domomyza Rond. is linked exactly with the Iwo 
unrelated families. It would also be of highest importance to check on sonie 
uncertain data concerning Cerodontha dorsalis (Loew), a Nearctic species 
which is said to feed both on the Gramineae and on the Leguminosae (of. 
Venturi, 1946). 

It is elear from the view ]>oint of Heking’s theory that systernatic oligo¬ 
phagy must predominate over disjunctiye oligo]>hagy, sińce the affinity of 
the speeific proteins of plants coincides to a large extent with their relation- 
shi]>. Howeyer, even if the affinity in question was the main reason for tłu* 
choice of host plants by oligophagous inseets, it would not liave to reflect 
exactly the phyletic relationship of the jilants, sińce it may often be of a sym- 
])lesiomorphous naturę (cf. Hknnig, 1957). 

The majority of authors seek explanation of oligophagy in the affinity of 
the plant u attractive” su bs tan ces. For instance, Fraenkel (1953) maintains 
that the Chemical composition of leayes of Angiosperms as regards substances 
having nutritional value for inseets, amino-acids of proteins included, is of 
great uniformity. The plants concerned differ rather in “additional" substances 
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which they contain, such as glucosides, essential oils, alkaloids, sapponines 
or tannins which though not being proper insectfood themselves give it, how- 
ever, odour and taste. Inducing an attractive or a repulsive effect on phyto¬ 
phagous insects these substances define the host plant specifieity. It nmst 
be stressed here that the choice of host plants by mining flies is not caused 
by their smell alone, sińce the feinale before oviposition bores with its ovi- 
seapt nunierous holes in the leaf of the futurę host plant of the larvae and tlien 
sucks its sap with the mouth parts (cf. e. g. Hendel, 1931; Sellier, 1947; 
Ciampolini, 1952). Affinity of attraetiye substances, as rather łoosely linked with 
plant relationship, may be responsible for many a fact of disjunctive oligo- 
phagy. Two cases of choice of unrelated host plants containing similar addi- 
tional substances have been given on page 136: the Loasaceae to which Agromyza 
reptann Fall. moves from Urtica L. are also proyided with stinging hairs and 
substances. Tropaeólum L. which attracts miners of the Cruciferae , e. g. Lirio - 
myza brassicae (Kil.), contains myrosins and mustard oil glucosides so cha- 
racteristic for crueiferous plants (cf. Buhk, 1937). However, between Kupa- 
torium L. and (ialeopsis L., both hosts of Liriomyza eupatorii (K alt.), no 
closer phytochemical affinity has been found so far. Though the host plants 
of every phytophagous species may łiave or lack certain common Chemical 
substances or eertain combinations of them which stimulate the chemore- 
ceptors of the female, the generał phytochemical affinity of plants does not 
always direct their choice. 

A eertain influence on the choice of host plants, madę by phytophagous 
insect is connected with both their present and original geographic distribu- 
tion. Distantly related ]>lants but having a coincident or overlapping g<\ 4 )gra- 
]>hic area may be inraded by the same parasite, not occiurring on a plant mon* 
closely related to one of them but geographicaily isolated even when such 
a plant subsequently enters that area. Such an omission of an allochtlionic 
plant s]>ecies, despite its close relationship with sonie autochthonic host plants, 
is referred by Hekino (1952) as xenophoby (Xenophobie). Ophiomyia mama 
(Meig.), for instance, living in Europę on Solidago riryaurea L. and Asia 
amelius L., and in Japan also on Erigeron a minus L. (Sasakawa, 1953), avoids 
Solidago canadennis L. and 8. nerotina Ait. of North American origin, now 
common in Europę. Robinia pseudacaeia L., of North American origin too, 
is aroided in Europę by oligophagous species feeding on related Leguminosae , 
e. g. by Liriomyza rariegata (Meig.) and L. trifolii (Bubg.), exduding sonie 
rare cases of lethal oligophagy of the latter species. It is worthwhile to ment- 
ion that sonie restricted xenophoby may also be combined with systematic 
oligophagy of kigher degrees and even with polyphagy. Thus, for exani]>les 
Liriomyza brassicae (Ril.) seems to occur in Central Europę only on weedc 
and cultivated plants of the families Cruciferae , Resedaceae , Capparidacea , 
and Tropaeolaceae ; it avoids, on the other liand, many autochthonic cru- 
ciferous ]>lants, e. g. of the genera Cardamine L., Dentaria Ti., Rorippa Scop., 


http://rcin.org.pl 


144 


J. T. Nowakowski 


7* 


Turritis L., Arabia L., Alyssum L., Lun aria L. and others. The author has 
also observed considerable nonuniformity of distribution of polyphagous 
species in Poland. Only Liriomyza strigata (Meig.) is common iu most habitats 
in the area. The three other polyphagous species, i. e. Phytomyza atricornis 
Meig., Liriomyza bryoniae (KAi/r.) and L. (Cephalomyza) crucifericola (Her.), 
oceur in greater numbers only in Bynanthropic and certain anthropogenic 
habitats, showing sonie xenophoby towards the autochthonic flora and quite 
evident attachment to cultivated, weed and meadow plants of foreign origin, 
which they have probably eonie with. Phytomyza atricornis Meig. seems to 
oceur morę freąuently on autochthonic plants of the Mediterranean bassin 
(cf. Bering, 1936). The rarity of this apparently photopliilous species in 
Polish natural forest habitats may be explained not so much by the negative 
influence exerted by the seeondary environment, as by exactly these habitats 
being the home and refuge of the autochthonic flora. This polyphagous species 
may penctrate the remote depth of the shadowy forest along weedy paths 
eovered with such plants as Taraxacum officinale Web., Leontodon autumnalis 
L., Sonchus arvensis L., Centa uren jarca L., C . scabiosa L., Capsella bursa-pastoris 
(L.) Med. and others. 

The ])henomenon opposite to xenophoby is xeuophily (Xenophilie, Hering, 
1952), i. e. fayourising of allochthonic plants. This phenonienon has been 
noticed by IIering (1952) in Liriomyza impatientis (Bri.) which was said 
to oceur ratlier rarely on Impatiens nolitangere L., an autochthonic plant 
growing in shadowy deciduous forests, but in masses on Impatiens parciflora 
D. C., now quite a common weed, a refugee from botanical gardens, brought 
to Europę from Central Asia. Aceording to the author’s observations madę 
at a nuniber of stations in Poland, Liriomyza impatientis (Bri.) occurs, how- 
ever, with equal freąuency on its two host plants. 

A considerable influence on the plant choice by the insects in question 
is also exerted by certain ntorphologieal and anatomical features of the invaded 
plant organs, thus, in the first place, of the leaves. This influence is revea!ed ? 
when the same insect species feeds exclusively on plants with similar leares 
but which are not considered as directly related, ow ing to certain larger differen- 
ces in the generatiye organs, or else when an insect species avoids a plant 
species of a leaf structure not typical for the group of its host plants. Phytomyza 
aąuilegiae Hardy and Ph. minuscula Gour., for example, feed only on Aqui- 
legia L. and Thalictrum L. which were included in yarious tribes of the Ra- 
nunculaceae , while Phytomyza tussilaginis Hend. and Ph. adenostylis Her. 
feed on Adeno8tyles Cass. and Petasites Mile. (the former species also on Tussi - 
lago L.) belonging to different tribes of the Compositae (cf. Wettstein, 1933). 
Napomyza aconitophila Hend., Phytomyza aconiti Hend. and Ph. aconitella 
Hend. linked with Aconitum L. and Delphmium L. avoid Delphinium consolida 
L. characterized by thread-like leaf lobes. Liriomyza varlegata (Meig.) occurs 
frequently or even in mass on Astragalus glyryphyllos L. and Colutea arboresccns 
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L. but it is only rarely found on species of Asirayalus L. with smali leaflets. 
Certain of these cases may result from some imperfection of the ex i sting plant 
olassification. Hering (1957a, 1958a), for instance, is convinced as to a close 
relationship between Aąuilegia L. and Thalictrum L.; in the modern system 
of plants it is proposed to inelude both these genera in the same tribe — Tha- 
lictreae. The resemblance of the leaf shape as such must be of little importance 
to phytophagoiis insects, it may, however, be correlated with certain phyto- 
chemical and physiological similarities morę essential for them. The examples 
of xenophagy (in the strict sense) given in the literaturę (cf. pp. 138—139) seem 
to us not very convincing for the simple reason that the uon-specific host 
plants nsually have leaves very much like those of the specific ones, thus we 
suspect the authors of the examples may have misidentified the plants. The 
resemblance of the lcavos of Eupatorium cannabinum L. to those of Cannabis 
satira L. — two completely unrelated plants but which are hosts of a sister 
pair of species, i. e. Liriomyza eupatorii (Kalt.) and L . cannabis Hend. (cf. 
pp 136, 138), show probably that these suspieions may not be justified in some 
cases. On the other band, however, we do find morę often the same or else 
sibling insect species on related plants, leaves of which differ considerably 
in shape, size, thickness, venation and pilosity. Occurrence of Trihbomyza 
verbasci (Bche) both in the wooly-pilose leaves of Verbascum L. and in the 
bare leaves of Scrophnlaria L. is held to be a ease of such a kind. 

What can be observed in most cases is that hard and stiff leaves contain- 
ing many cells with thickened and sclerotized membranes as well as scalelike 
or tiny leaves are ayoided. Tliis results, in the first place, from the preference 
of phytophagous dipterous larvae for soft tissues resembling humid and 
mouldering plant parts, their saprophagous ancestors lived in. Such inclina- 
tions have been due to the very structure of the maggot: its thin cuticle, the 
lack of a head capsule and the rather weak moutli armaturę. In hard leayes 
a considerable resistance of the plant tissue is to be oyercome by the larva, 
while in tiny leaves it runs the danger of being dried up; a tiny leaf, aft er all, 
usually does not supply food in a sufficient ąuantity for the fuli derelopinent 
of the larva. These circumstances seem to be expressed in the attitude of the 
Agromyzidae towards large groups of green land plants. These insects live on 
Angiosperrns and ferns and on liver mosses (Hepaticae) with a leaf-shaped 
thallus. Oonifers, with hard and needle-like leayes, as well as club mosses ( Ly - 
copodiinae) and mosses, with scaly and tiny leaves, are ayoided. Only two 
species feeding inside stems occur on horsetails ( Eąuisetinae ). From among 
the Angiosperrns which are the main group of hosts of the Agromyzidae many 
xeromorphic plants with cutinized, needle-like or bristle-shaped leaves, are 
ayoided, e. g. in the Polish flora: Polycnemum L., Corispermum L., Kochia 
Rotu. ( Chenopodiaceae ), Tunica Boehm., cushionlike species of Dianthns L. 
and Silene L., Heliosperma Rchb., Arenaria L., Minuariia L., Sagina L., 
8cleranthus L., Delia Dum., Herniaria L. ( CaryophyUaceae ), Asarum L. ( Aristo - 
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lochiaceae ), Helianthemum Mill. ( Cistareae ) t Dryas L. ( Ronaceae), Kryngium 
maritimum L. ( Umbelliferae ), Armeria Willd. ( Plumbaginaceae ), the whole 
order Bicornes , Androsace L. ( Prim ulaceae ), 17/#ca L. (Apocynaceae), species 
of Jimem< L. and Cyperaceae with bristle-shaped leaves, titipa L., ('orynephorus 
P. H., Koelena Pers., Nardus L. ((rramineae). Other xeromorphic plants of 
that kind are inyaded rather seldom and if so, then by morę polyphagous or 
not very restricted oligophagous species. The preference of dipterous larvae for 
soft tissues partly explains their preference for herbaceous plants and dislike 
for xylophytes, the leaves of which are rather stiff and bard, while their steins 
are sclerotized and coyered with a seeondary cortex. Hoth the arboreous and 
xeromorphic conifers are completely omitted. It is also very seldom to find 
dipterous mines on Mediterranean maechia shrubs and generally on xylophytes 
with eyergreen leaves (exeeptions: Ilex L., Phillyrea L„ Eleagnun L.). Out of all the 
leaf mining si)ec*ies of the Agromyzidae only five ]>er cent live on arboreous Augio- 
sperms, three ąuarters of which haye been connected with shrubs. In addition 
we know two species groups feeding in the soft rneristematic tissue (eambiuin) 
between the cortex and xylem of tree and shrub trunks: the group of Melan- 
agromyza schineri (Gik.) and the genu s Phytohia Lioy(= Dendromyza IIend.). 
As regards the scanty Agromyzid species which minę in tree leaves, they in- 
vade mostly those of young twigs. This can be best scen in the case of Agro- 
myza albifarsis Meig., the mines of which are to be found most freąuently 
on juyenile (heart- or lozenge-like) leaves of Populus tremula L. and P. alba 
L., and rarely on circular or lobate ones growing on elder twigs. Agromyza 
eeltidis Nowakowski (1960b) feeding merely in young and growing leaves 
of Celtis au8łralis L. is such an example too. 

We see that the dependence of choice by phytophagous insects on the 
structure of inyaded plant orgaus, especially that of leayes, is, at the same 
time, to a certain extent the dependence on tlie ecological type and the growth 
form of the plant. The dependence on the growth form causes a nearly one 
stratum yertical distribution of the mining flies. This is intensified by the 
fact that most Agromyzid species mining tree leaves ayoid young twigs in 
the higher crown stratum imading but young trees and lateral shoots or lower 
twigs of the crowns at most. Such is the behaviour of parasites of willow trees, 
moreoyer of Phytomyza heringiana Mend. on Malm sihestris (L.) Mill., Agro¬ 
myza albitarsis Meig. on Populus tremula L. and P. alba L., Agromyza alui- 
betulae IIend. on Bet ula rerrucosa Ehkh. and Alnus glutinosa (L.) Gaertn., 
and it was only on Alnus iwana (L.) Much. that the author found mines of 
the lat ter species also in the tree crowns up to a height of 4 m, just as was the 
case with mines of Phytagromyza tremulae IIer. on Populus tremula L. Higher 
in the crowns we haye found nothing but mines of Phytagromyza populi (Kaj/i\) 
and Ph. populieola Hal. on Populus nigra L. and mines of Phytagromyza he- 
ringi (IIend.) on Praxinus exeelsior L., both trees growing in humid habitats. 
An obyious ])redilection of mining flies for the herbaceous yegetation stratum, 
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their scant.y occurrence in the shrub strat um (in the forest undergrowth) and 
their great rarity in the tree crown stratom, thU8 results not merely froin 
the inclination to soft plant tissues but also froni certain other biotic 
characters of these tiny insects, such as hygrophily, likin«: for shadow, flight 
near the ground and pupation in the soil 1 . 

Hygrophily and liking for shadow and plant parts having soft tissue are 
three, to some extent, mutually conditioned, original and predominating 
ecological inclinations of dipterous mining maggots (cf. Nunberu, 1947; 
Reiger, 1955), linked with their morphological features. These inclinations 
sliould result in certain dependence of the host plant choice also on the eco¬ 
logical character of the plants, consisting mainly in some preference for hygro- 
pliytes and mesophytes rather than for xerophytes. Indeed such preference 
exists but it is due to certain morphological features of the xerophytes rather 
than to their ecological features. The only ecological type of vasoular plants 
that seem to have been completely omitted by the Agromyzidae , are exactly 
certain plants having soft tissues — proper aąuatic plants (hydrophytes). 
This seeins to be a typical example of pseudoresistance, i. e. evasion (cf. De- 
thier, 1953), sińce the resistance to parasite invasion is due here not so much 
to the plant itself as to its environment. A very high percentage of Agromyzidae 
adapted themselves, on the other hand, to xero- and heliophilous land plants 
living in light and dry forests and on “open statious v , such as meadows, fields, 
steppes etc., sińce eudophagy enables the larvae to exist even in very stroug 
insolation, winds, dry air and on dry soil. It is not so much xerophilous plants, 
as certain xeromorphie ones that are avoided. On the one side, numerous 
plants haying not too hard and not too tiny leaves living in dry habitats are 
hosts of Agromyzidae 2 and, on the other, the flies avoid the majority of hard 
or tiny leafed plants in humid habitats. For instance, on Southern slopes of 
the Kampinos-Forest dunes, on whicli certain plants wither on a hot day and 
the sand warms up* to a temperaturę of 60°C, the author found larvae in the 
midsummer, mining in xerophilous plants, e. g. larvae of Phytomyza panli- 
loewi Hend. on Peucedanum oreoselinum (L.) Mncii., Liriomyza scorzonerae 
Ryd. on Kcorzonera humilis L., Phytomyza campanariae Nowak, on Pnlsatilla 
pratensis (L.) Mill. and others. Much materiał for Herinc/s works canie 
from xerothermic banks of the Odra River. Numerous Agromyzid species 
live on steppe plants, particularly on representatives of‘the families: ('ompo- 
aiiae , UmbeUiferae and Ranunuculaceae, growing on soils rich in calcium carbo- 
nate and moulder. On the other hand, representatives of the order Bicornes 
(Vacciniaceae, Empetraceae , Pirolaceae) avoided by the Agromyzidae are of 


1 Pupation inside the leaf is a seeondary habit whieh has also been acpiired by the 
three mentioned speeieR occurring in the higher erown stratum. 

4 The suecidcnt \eropliytes are rather avoided prohahly beeattse of their waler tissue. 
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a xeromorphic type (cutinized "or needle-like leaves, usually evorgreen) but 
gro w not su tnuch on dry as on humid or even swampy soils which are phy- 
siologically dry for them as a result of their acidity. The plants in question 
togcther witli conifers, mosses and lichens, predominate in the vegetation of 
oligotrophic soils, i. e. in acidophilous coniferous forests, on heaths and high 
peat-bogs. That i8 why these habitats, despite a freąuently high humidity, 
have an extremely |>oor fauna of mining flies. 

Distrihution of the Ayroinyzitlat* on the Yegetntio n 

lf we take into eonsideration that the choice of a host. plant by a phyto- 
phagous insect is influenced not only by the systematie position and Chemical 
Kpecificity of the plant but also by eertain morphological peculiarities of the 
invaded plant organa, the growth form and the ecological character of the 
plant and finally by the secondary environment, we 8hall be in a position to 
begin to understand the distribution of the Agramyzidae on the yegetation, 
their horizontal and vertical distribution, in habitats and in geographic regions. 
In natural conditions the fauna of the flies concerned depends, in the first 
place, on the trophic conditions of the soil, not only sińce eutrophic soils nourish 
a rich flora and abundant vegetation, and oligotrophic soils only a monotonous 
flora and poorer yegetation, but also because the latter supports mostly xero- 
morphic plants. Moreover, humid habitats (i. e. having moist air and soil) 
must have a sui>eriority over dry ones, not only because the tiny flies are 
hygrophilous but mainly due to the flora and yegetation of the dry habitats 
being usually ]>oorer and having a higher percentage of xeromorphic plants. 
A temporary flood of the soil surface, however, brings about unfayourable 
conditions for the pupation of the larvae and the emergence of the adults. 
Shadowy habitats (lower forest strata) are pm ileged as comi>ared with open 
habitats (upper forest strata and tlie so-called “open spaces”, partie ularly 
those with a Iow and scanty yegetation). On the other hand, strong tree shadow 
imporerishing the herbaceous ground covering plays a negatiye part. Due 
to dampness, shadow and protection from winds a forest must be, as a rule, 
a morę fayourable habitat than is the case with “opon spaces”, but it is only 
so when the herbacepus yegetation stratum is well deyeloped. A higher per- 
eentage of arboreous plants in the flora and yegetation impovcrishes the fauna 
of mining flies. This will be well illustrated by comparing the Agroinyzid 
faunas of five typical forest communities of the Polish lowland, occurring in 
the Kampinos-Forest near Warszawa 1 . 


1 The Kampinos-Forest in considered here historically an a windę, together with 
reiunants of forests on the V'istnla flood terraee. The phytosociological cl&ssification of 
the natural plant mimnunities has heen carried out on the hasis of the papers of Matusz- 
KFKWirz and of his sehotd (1952, 1955, 1957, 1958). 
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1) Wiilow-poplar forest (Salieeto-Populetum). Habitat with eutrophic 
soil, very humid, sliadowy, rich in floristic* composition, thickly forested and 
with deciduous undergrowth, with high and thick ground covering consisting 
of hygrophytes and mesophytes. The ground eovering has been partly impo- 
verished or even completely driven out due to considerable bush thicket and 
shadow. The soil in damp, periodically watered by river floods. — The Agro- 
myzid fauna is here in its best both in the quantitative and qualitative aspeets 
(as estiniated per unit of surfaee), represented still in fair numbers in the under- 
growth stratum on elimbers (Humnlus lupulus L.), shrubs ( Ralis L., Sam- 
bucuH nigra L., Cornus sanguinea L.)-, on young trees and lateral shoots of 
old ones [Salix alba L., Populus nigra L., P. alba L., P . tremula Ii., Alana in - 
rana (L.) Mmii.], occurs also in the crown stratum (on Populus nigra li.) 1 . 
In places where the ground covering is thinning or when it is flooded the fauna 
has been found much poorer. Generally speaking, the further from the river 
bed, the morę favourable are here the eonditions, an optimum being reaehed 
in the morę arid parts of the forest. 

U) Oakhornbeam forest (Querceto-Carpinetum medioeuropaeum). Habitat 
with mesotropłiie soil, humid, usually very shadowy, rather rich in floristic eom- 
position, consisting mostly of deciduous trees, a thick deciduous undcrgrowth, 
and a ground covering consisting mainly of mesophytes but with an admixture 
of xerophytes. Here and there, due to strong shadow both in summer and 
autumn, the ground covering has been thinned and regenerates only in spring. — 
The Agromyzid fauna is in generał abundant, represented still in the undcr¬ 
growth too [on Cornus sanguinea L., Malus silreslris (L.) Mill., Pełnia rerrn- 
cosa Kurii., Populus tremula li.J. J>nt in places having thin ground covering, 
the fauna has been found to be either poor or very poor. 

3) Mixed pine-oak forest (Pineto-Quercetum). Habitat with mesotrophic 
soil but tending towards oligotro]>hy, moderately humid or dry, rather light, 
rich in floristic composition, with coniferous-deciduous trees and undcrgrowth, 
having abundant ground covering constisting mainly of xerophytes (elements 
of acidophilous pine forest, basophilous oak forest and psamnophytes), with 
an addition of mesophytes of the oakhornbeam forest. — The Agromyzid 
fauna rich qualitatively as a whole (i. e. large number of species found in all 
the areas investigated) but when estimated per unit or surface, looks rather 
poor, both in quantitative and qualitative aspects, and is poorly represented 
in the undergrowth. 

4) Typical pine forest (Myrtillo-Pinetum s. 1). Habitat with oligotrophic 
soil, either dry or very dry (Cladonio-Pinetum), light, poor in floristic composi¬ 
tion, with coniferous trees, thin coniferous-deciduous undergrowth and a Iow 
ground covering consisting of xerophytes (elements of acidophilous pine forests 


1 In crown* of h'ras i mis esrdsiar L. the aut hor ha* fmiiul n ii 068 in an alderaah nwampy 
foreat on the dune terrace of the KainpinnK-Poreftt (at Kamlinńw, on '2'\ X 1957). 
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and psamitiophilous ones). The Agromyzid fauna very poor, eonnected 
rather with plants oocurring morę abundantly on mesotrophic soiłs [Solidago 
rirganrea L., Pencedanum oreoselinnw (L.) Mmic., PnlsatiUa pratemis (L.) 
Mii.L., Scorzonera Innu His Ii., Silene nutans L.], and with psammophytes 
(Hieracinm pilosella Ii., Jasione mon tan a L.) t hardiy represented in tłie under- 
growth (only on Pełnia rerrucosa Ehrh.). 

5) Swanrpy pine forest (Uliginoso-Pinetum). Habitat with oligotropliie 
soil, humid, light, poor in floristic eomposition, with eoniferous trees, a thin 
coniferous-deciduous undergrowth, and a tufty ground eovering consisting 
maiuly of xerophytcs (elements of aeidophilous ]>ine forest and sphaguous 
ones). Swampy soil. — The Agromyzid fauna very poor, eonneeted rather with 
plants of the mi\*ed pine-oak forest or of Kaliceto-Franguletum, snęli as Po- 
tenłilla ereeła (L.) Hampk, Molinia coerulea (L.) Mnoil, Peucedanum palnstre 
( Ij.) i Umiar u m palnstre L., hardiy represented in the undergrowth (but 

rarely on Betnla rerrucosa KHRlf.). 

Iii the investigated area of sphaguous pine forest (Piueto-Sphaguetum, 
Kohkndza, 1930) forming au intermediate link with liigli peat-bog (Sphagne- 
tum pinetosum, Mati szkikwuz, 1952) no Agromyzids have benn fouud by 
the aut hor. On typieal high peat-bogs there exists probably sonie fauna conuee- 
ted with Iow peat-bog elements predominating at the bog edges. On sphaguous 
regetation sonie speeies of unknown eeology have been cap tu red too, e. g. 
Kncoelocera bicolor Lokw (IIkrino, ef. Fkick, 1952) or Phytagromuza incognito 
II ki:, (ef. Herino, 1959a). 

A strong impoverishmeut of the Agromyzid fauna is a signifieant faet 
w hen passing from a habitat with mesotrophic soil to one with oligotropliie 
soil; this is caused by food eonditions, namely a lack of almost all speeies of 
Iiost plants. Among plant speeies characteristic for communities eonnected 
with oligotropliie soils and among speeies predominating in these communi- 
lies there are only very few hosts of mining flies, and the hosts in question 
seem to be invaded here with a lesser intensity than in communities on morę 
fertile soils. In linę with the u lawof minimum”, inerease in lmmidity of a habitat 
having a poor and aeid soil is in no way advantageous for the flora and fauna 
but, on the contrary, the flora and fauna become still poorer due to the swamp- 
ing of the soil. 

If, aecording to the data known so far, the area of the most abundant 
occurrenee of Agromyzidae in Europę is the zonę of mixed and deciduous forests, 
this is so not only due to the better State of investigation of this zonę. Pot li 
in the taiga an tundra zones as well as in the steppe or the Mediterraneau 
zones the fauna of these flies should be ]>oorer in generał due to preponderance 
of xeromorphie vegetation. In the northern eoniferous forest zonę (taiga) 
as well as the northern treeless zonę (tundra) there prevails a mouotonous 
acidophilous and sphaguous yegetation, hygro- and mesophytes being distri- 
buted rather along rirers only. An estimate madę by Ryden (1954) has shown 
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that the Agromyzid fauna of Sweden is richest in the Southern part of the 
country, which still belongs to the mixed forest zonę. In the north the number 
of speeies declines, the lowest being in Lappmark belonging partly to the 
tundra zonę. The cooling of the climate itself should play no decisive part 
here, for inining flies are rather resistant to Iow temperatures. This can be 
proved by the fact that many laryae feed late in autumn and certain speeies 
in winter too [e. g. Phytomyza ranunculi (Schrk.), Ph. ilicis Gurt., Ph. helle- 
bori Kalt., Ph. anthrisci Hend.], or else early in spring — under the snów (e. g. 
Phytomyza abdominalis Zett. on Hepatica nobilis Grsl.), as well as the fact 
that many speeies occur above the upper forest limit in subalpine and alpine 
zones. Tlie Mediterranean vegetation iR characterized by a higher percentage 
of arboreous plants and preponderance of evergreen plants, with cutinized 
or tiny leaves often even transformed into thorns or else althogether reduced. 
That is why, as far as the Mediterranean flora is concerned, the fauna of min- 
ing flies is relatively rather poor (cf. Hering, 193t>, 194.3). 

Kimilar relations can be seen when inyestigating the Agromyzid fauna on 
the yegetation of the mountains (e. g. Tatra). The optimal habitat here is 
the beech-fir forest in the lower forest zonę (Fagetum carpathicum), resein- 
bling in its ecology the oak-hornbeam forest but still damper, having a richer 
flora, particularly in light penetrated places, on the outskirts of forest clearings; 
the optimal eonstitute also plant communities along stream banks and commu- 
nities of high herbs (Adenostylion alliariae) in the whole mountain forest zonę. 
The monotonous spruce forest in the upper forest zonę (Piceetum ta tri cum) 
is a humid habitat with an oligotrophic soil, though enriched, particularly 
on ealcareous substratum, with certain montane elements which the swampy 
and typical ])ine forests lack in lowlands. Above the upper forest limit there 
prevail not only unfavourable climatic conditions (humidity and temperaturę 
fluctuations, strong insolation and winds) but also xeromorphic plants, parti¬ 
cularly with tiny leaves. That is the reason why the Agromyzid fauna can 
hardly equal the abundant alpine flora, though it reaches the highest peaks 
of the Tatra Mountains [e. g. Phytomyza aroniei Nowak, (in coursc of de- 
scription) and Ph. atrieornis Mkig. on Doronicum (lusii All. Tausch, Napomyza 
gentii Hend. on Oentiana punctata L., Phytomyza m utellinae Beigek on Mutel - 
lina purpurea (Poir.) Thell. and Pachypleurum simplex (L.) Koch]. 

Taking into consideration the influence of sonie ecological aml morpho- 
logical peculiarities of the plant as well as the faetors of soil and climate of 
the secondary environment on the plant choice by phytopliagous insects, 
we must bear in mind, however, that the faetors in question merely modify 
the significance of the most important factor, i. e. the systematic position 
of the plant. The habits of the oligophagous Agromyza spiraeae Kalt. well 
illustrate this principle. Its primary liost plant seems to be Pilipendula ul - 
mana (L.) Max., an eutrophic hygrophyte readily inyaded in swampy forests, 
such as flooded or typical alder forests, rather than on swampy meadows. 
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The insect in ąuestion occurs freąuently also on Geum rimle L. and (i. urbanum 
L., particularly in humid thickets and forests and also on Kubas idaeus L. 
known for its eutrophism, not so often on Kubas eaesius L., and ąuite exception- 
ally on the shrubby blackberry (Kubas frutieosus L. s. 1.) with harder leaves, 
particularly when growing in dry habitats, e. g. on sandy road-sides. Shrubby 
roses (Kosa L.) are not its favourites either. In swampy forests and bushes 
we find its mines on Comarum palustre L., in humid coniferous forests and 
thickets on PotentiUa erecta (L.) Hampe and K. reptans L., in shadowy places or 
in autumn also on certain meadow plants, e. g. on PotentiUa nasenna L., while 
hardly they are found on the xerophilous species of PotentiUa L., sueh as P. 
argentea L,, P . alba L. or P. arenaria Borku, growing on sands. On Frugana 
L., Agrimonia eupatoria L. and Filipendula hexapetala Gilib. mines were 
found in damper and shadowy plaees or in autumn only. Neither is Sanguisorba 
L. favoured because its leaves are hard. In the mountain forest zonę Geum 
rirale L., Kubas idaeus L. and even meadow species of Alcheniilla L. are in- 
vaded. Aboye the upper limit of the forest zonę no mines of Agromgza spiraeae 
Kalt. have been found by the author either on Geum montanum L. or on (i. 
reptans L., this being eonsidered as due to pseudoresistance, or on Dryas odo - 
pętała L., what can also be due to its leaves being stiff and eutinized. Thus, 
we see that an inelination for eutrophic plants having soft leaves, liygrophily 
and liking for shadow by Agromyza spiraeae Kalt. is expressed in choice of 
both the host plants and habitats. The selection coneerned, however, is effeeted 
within striet limits of a systematic group of host plants, namely the subfamily 
Kosoideae. 

A number of Agromyzid species feed both in the lowlands and the moun¬ 
tain zonę and eveu in the alpine zonę, e. g. Phytomyza gentianae Hend. connec- 
ted with Gentiana L. and Centaurium IIill., PA. swertiae Her. known till now 
only from the lowland (nominał) subspeeies of Surertia perennis L. and found 
by the author in the Tatra Mountains on K. perennis ssp. alpestris (Bmo.) 
Jav. (2 reared on 4 111 1958 from larvae collected in the valley Białego 
on 2t> VIII 1957), Pb. rirgaureae Her. found by tłie author also in tłu* Tatra on 
Solidago rirgaurea ssp. alpestris (W. K.) GAUI). (1 $ reared on 11 III 1958 
from a larva collected near the lakę Morskie Oko on 5 IX 1957), Pb. senecionis 
Kalt. common in mountains on Seueeio fucbsii Gmel., 8. nemorensis L. and 
8. subalpinus Koch. and found by the author on 8. fluniatilis Wallr. 1 on 
the Yistula flooded terrace (1 9 reared on 1 VII 1954 from a larva collected at 
Młociny near Warszawa on 13 VI 1954, numeorous larvae found also in Mą- 
towski Forest near Sztum in Polish Pomerania on 25 IX 1960), Pb. kii - 
mescbi Her. found by Hering in the Alps on Aebillea elarenae L. and A. mo- 
sehata Wulp. and by the author in the Polish lowland (Kampinos-Forest) 
on .4. millefolium L. (1 $ reared on 9 \'III 1955 from a larva collected at Cisowe 


1 Senecw jacobea L. see mg to be only an occasional host plant of Pb. senerionis Kalt. 
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on lii VII 1955, li cJcJ and 1 9 reared on 14 X 1955 from larvae cołlected at 
Młociny on 25 IX 1955 and 1 reared on 7 VIII 1957 from a larva cołlected 
at Cybulice on 19 VII 1957). The Agromyzidae are rather faithfully attached 
to their primary (main) host plants and in accompanying them they show 
much tolerance as regards their secondary enyironment. If a giyen Agromyzid 
speeies has been already found to oceur in a certain locality, it is likely to 
occur everywhere its primary host plants grow, unfayourable conditions pre- 
yailing in some habitats or stations do nothing morę tlian limit its frequency 
without excluding its actual presence. At times, however, for unknown reasons 
some Agromyzid speeies are absent in certain geographic areas or localities, 
despite the presence of their primary host plants. The Kampinos-Forest is 
in generał poor in Agromyzids, because of a preponderance of dry and oligo- 
trophic habitats. The author has, however, found there an overwhelming 
majority of leaf mining speeies of Agromyzidae recorded from Central Europę 
on the plants occuring also in this Forest. The author has even found certain 
monophagous or limited oligophagous speeies to be present here on plants 
which are already or still very rare in the Forest, e. g. Phytomyza digitalis 
Her. on Digitalis grandiflora Mill. (1 £ reared on 5 VIII 1956 and 1 $ — on 
22 IV 1957 from larvae cołlected at Cybulice on 8 VII 1956), Phytomyza actaeae 
Hend. on Cimicifuga europaea L. (15 <$<$ and 14 $9 reared on 10 — 20 VIII 1950 
from laryae cołlected at Cybulice on 24 VII 1956), Phytomyza lithospermi 
Nowak, on Lithospermum officinale L. (cf. Nowakowski, 1959). In spite, 
however, of intensively eonducted field work he has failed to find parasites 
of certain plants occuring in the Forest, though he has very often found these 
parasites on the very same plants in Polish Pomerania (Isle of Wolin and 
Kaslnibian Switzerland) and in the forest zonę of the Carpathian and Sudety 
Mountains; sucli are e. g. Phytomyza sonchi R. L). on Liguliflorae , Ph. tarauaei 
Hend. on Taraeacum Zinn, Ph. minuscula Gour. on Aquilegia L. and Tha- 
lictrum L., Ph. tussilaginis Hend. and Ph. farfarae Hend. on Tussilago far - 
fara L., Liriomyza (Pras pędowy za) approximata (Hend.) on Daphne mezereum 
L. Certain Agromyzid speeies have been, despite their host plants being 
coramon, so rare in the Kampinos-Forest, that they have not been found but 
until recentiy after many a year of work, e. g. M etopomyza rioliphaga (Hend.) 
on Viola L. (empty mines on V. sileestris Echb. found at Glusk on 25 VII 1957). 
These facts prove that the distribution of the Agromyzidae depends in the 
first place on the flora and yegetation, but not exelusivelv. 


Connection of Food Spccialization with Speciation 

The systematic oligophagy of speeies has to a certain extent its equivalent, 
at the level of higher taxonomic units in a phenomenon also spread among 
phytophagous insects and predominating in the group of miners discussed — 
the phenomenon of occurrence of related insect speeies on related gi’oui)s of 
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plant species. The relations in question are not elear unt.il the artificial system 
is replaeed by the natural one (cf. pp. 96 -107). The rank of supraspecifie units 
both of animals and plants is determined, to a large extent, in an arbitrary 
way. Nevertheless, if as far as possible a uniform elassifieation is maintained, 
we shall see that the natural genera of Agromyzidae are usually linked with 
families, orders or groups of related orders of host- plants. While among 
the Agromyzid species prevails monophagy of the second and third degrees, 
rather restricted systematic oligophagy of the first degree also being frequent T 
wide systematic oligophagy of the first, second and third degrees seems to 
preyail among the natural genera. Oligophagy of the first degree corresponds 
to the feeding habit of e. g. Phytagromyza Heni>. (on Salicaceae ), the group 
of Agromyza ambigua Fall. (on Gramineae ), of Phytomyza obscurella Fall. 
(on Umbelliferae), of Pk. obscura Hend. (on Labiatae ), oligophagy of the 
second degree — to the feeding habit of e. g. Rubiomyza gen. nov. (on Rubiales ), 
oligophagy of the third degree — of e. g. Cerodontha Hond. (on Glumiflorae, 
Cyperales and Liliiflorae). Thus, in many cases natural Agromyzid genera or 
subgenera represent a degree of systematic oligophagy, immediately higher 
than that represented by the species they consist of. Deviations from the 
governing principle of systematic oligophagy are met, however, far morę fre- 
ąuently and extensively at the level of genera or groups of related genera than 
at that of species. Disjunctive or combined oligophagy corresponds to feeding 
habits of e. g. Phytobia Lioy (on tfalicaceae , Betulaeeae and Rosaceae ), Trilo- 
bomyza Hend. (on Centrospermae and Tubiflorae), of the complex of Phytomyza 
albiceps Meig. (on Covrpositae and Umbelliferae). Combined oligophagy 
on the level of a natural supraspecifie unit corresponds to the plienomenon 
known in parasitology as “desertion” consisting in one or a few representa- 
tives of a parasitic group occurring on some entirely different group of lmsts 
than the overwhelming majority of the parasitic group in question. For example, 
Phytomyza brischkei Hend. living lonely on Trifolium L. (Leguminosae) is 
closely related to the group of Phytomyza rectae Hend. linked with Ranuncu - 
laceae. The facts mentioned show that various kinds of u phagism”, and parti- 
cularly various degrees of systematic oligophagy (in the broad sense), are in 
a close and reversible relation with each other. 

Restriction of the rangę of specific host plants, called in the case of phyto- 
phagous insects u food speciahzation”, is a kind of physiological and ecological 
specialization whieh, as is the case with morphological specialization, we 
recognize to be the chief trend of evolution, one of its fundamental “prin- 
ciples”. That is why the majority of authors believe that monophagy is se- 
condary to polyphagy and that monophagy has developed from polyphagy 
via ohgophagy (cf. Petejisen, 1930; Brues, 1946; Allee, 1949; Hering, 
1951a). At the same time, however, these authors assume the shifting of phyto- 
phagous insects to secondary host plants, i. e. wideningof the host rangę (Wirts- 
kreiserw r eiterung) whieh is in accordance with the generał biological principle 


http://rcin.org.pl 


Introdurt ion to a Reviftion of Agromyziiiae 


155 


89 


of extension of the living space. Theresult of this expansion is a cer taili temporary 
despecialization, sonie extension of the ecological niche, passing from mono- 
phagy to oligophagy or even to połyphagy. Sonie extension of the host rangę, 
however, causes in turn differentiation of new parasitic species, henee the 
expansion brings a secondary specialization and narrowing of the ecological 
niche. Phytophagous species have a certain ability to expand to new host 
plants but, at tlie same tinie, tend towards monophagy. Monophagy is ad- 
yantageous for the species, because it ensures a morę stable equilibrium through 
uniformity of tlie ecological niche (food uniformity, cf. Petersem, 1930). 
Thus, specialization aml despecialization are two opposing tendencies gain- 
ing alternatively preponderance in the course of evolution, finally, however, 
the process of specialization prevails. 

Uertng (1951) believes tliat primitive połyphagy gave way to such spe- 
eialized feeding liabit as leaf mining. Present połyphagy of sonie leaf mining 
insects is taken to be quite a recent step backwards. Among tlie Agromyzidae 
polyphagous species show rat ber a certain preponderance of apomorphy and 
belong to the M highest r species gronps. Phyiomyza atricornis Meig. which 
has the widest host rangę is simultaneously the most apomorphous among 
the polyphagous species, and even in a certain respect biotically specialized 
(the larva pupates inside the leaf in the cradle). Liriomyza strigata (Meig.) 
would seem biotically primitiye, if tlie leaf minę had been deriyed from feeding 
in the stem, because the minę of this species is spread out like a “dendronome”, 
the axis of which is usuaUy the middle rib of the leaf. The larvae are able to 
move from one leaf to auother through the leaf petioles and the stem. This 
species is, however, as far its małe copulatory a])paratus is concerued, closely 
related to the obyiously secondary polyphagous Liriomyza bryoniae (Kaet.) 
and the monophagous L. umbiUci Her. In Liriomyza (Cephalomyza) crueiferi - 
rola (Her.) the clearly apomorphous feature is the lack of acrostichal hairs (acr). 

A plain ineąuality of distribution on the flora and yegetation, many taxo- 
nomic and ecological plant groups being acoided, while otliers being preferred — 
most probably as original host plants — points to połyphagy as secondary for 
the species mentioned. Phyiomyza atricornis Meig. and Liriomyza striyala 
(Meig.) feed most readily on Compositae , Liriomyza bryoniae (Kai/p.) on 
Solanaceae , Cephalomyza crucifericola Her. on Cruriferae . As it has been 
mentioned, polyphagous species [excluding Liriomyza striyala (Meig.)] oocur 
mainly on synanthropic and allochthonic plants and receal a certain xeuo- 
plioby towards the native Central European flora, whence tlieir rarity in 
many natural plant communities (cf. p. 144). The comparative rarity of Lirio¬ 
myza bryoniae (Kalt.) is shown by the fact that uutil recently it was consi- 
dered [under the name of Liriomyza solani (Maoq.)] as an oligo])hagous species 
attached only to the family Solanaceae . Liriomyza (Cephalomyza) crucifericola 
(Her.) has long passed unnotieed duo to its resemblance in mines to Scapto- 
myza graminum Fale. and S. flaeeola Meig. — two representatives of the 
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Drosophilids, cmmuon on Cruciferae and Legnminmae. In the Palaeartie Re¬ 
gion Phytomyza atricomis Meig. is known from as many as over 300 species 
of Angiosperms belonging to 30 families, and in s])ite of this it is unlikely to 
be found in many habitats. Its cosmopolitism is not much the result of its 
polyphagy alone, as of its inelination to the synanthropic flora. We think 
that Phytomyza atricomis Meig. was originally an oligophagous species feeding 
on certain Compositae (probably Sonchus L. and Tara.racum L.). When the 
plants in question were spread outside tlieir homeland, the parasite, as if 
losing its equilibrium State, tumed to polyphagy, thus invading mainly weed 
and cultivated plants and also wihl Compositae. A considerable yariability 
of the małe genital apparatus, certain external morphological features (either 
presence or lack of ner) as well as puparia and mines of Phytomyza atricomis 
Meig. show a secondary food specialization, i. e. the polyphagous species 
either losing or haying already lost a number of oligo)»hagous and monophagous 
races (as Hennig, 1950, was correct in supposing). 

The problem of passing of phytophagous insects to nou-specific host plants 
bas already been dealt with whenxenophagy wasdiscussed (pp. 139 140). There 

exists an expansion to related plants or at least to those which are phyto- 
chemically similar (as regards tlieir specific proteina or attraetive substauces). 
The choice of a non-specific host plant is, as a nile, taken to be the so-called 
passiye selection caused by a lack of the specific host plant (cf. Dethieh, 
1953) and to result from (either active or passiye) migration to geograpliical 
areas situated outside that of the specific host plant, or from plant migrations 
into new lands (Brues, 1940) or else from yiolent clianges in the yegetation, 
caused by man, particularly in cultivated territories (Yoigt, 1932). Leaps 
over to secondary host plants have been observed, however, in the yieinity 
of the primary host too, particularly in botanical gardens (cf. Bi ur, 1932, 
1937, 1941, 1954). The ability of a phytophagous species to cxpand may in- 
crease with a rapid change of environmental conditions and with its mass 
occurence resulting from a shortage of its actual food which is otherwise 
normally in overplenty, regarding the needs of phytophagous insects. In the 
Kampinos-Forest, for example, the author was always observing a numerous 
occurence of Phytomyza pauliloeici Hend. on Peucedanum oreoselinum (L.) 
Mnch. but he has not succeeded in finding the insect there, even once, on 
Pimpinella saxifraga L. growing next to its primary host plant in mixed pine- 
oak, oak-hornbeam and basophilous oak forests. Ukring (in litt.) obseryed 
Phytomyza pauliloewi Hend. to pass over to Pimpinella L. in cases of its mass 
occurence on Peucedanum orcoselinum (L.) Mnch. 

In view of sonie faets of secondary polyphagy, combined oligophagy and 
desertion we have to face the problem of leai>s over to plants which are neither 
taxonomically related nor similar phytochemically. Not all the wide disjunctions 
in known host ranges prove that sucli distant transitions have been effected. 
Disjunctions may also result from former (though secondary) polyphagy, 
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or they may prove to be alleged after some missing liiiks in the host ranges have 
been found in the so far uninyestigated geographic areas. Here, the theory 
of bridging species should be mentioned too; these are plant species or groups 
of species having some common characters with two unrelated bost plant 
groups; they make it possible to exchange parasitic faunas allied with the 
groups. Tropaeolum L., for example, seems to represent soch a bridge between 
the Rhoeadales and the Leguminosae , which eould have been crossed not only 
by the leaf mining Drosophilidae (Scaptomyza graminam Fali., and *S. flaueola 
Meio.; Hering, 1951a) but also by certain Agromyzidae, e. g. Liriomyza (Cepha- 
lomyza) crueifericola (IIer.). The problem of direot and distant leaps is morę 
difficult, as we do not trust completely cases of xenophagy (in the strict sense) 
mentioned in the literaturę. Voigt (1932) gives two eontradictory interpreta- 
tions of xenophagy of this kind: the female feeling the need for oviposition 
lays eggs on a non-specific host plant eitlier because she is unable to find the 
specifie one or because she is in the vicinity of the lat ter and, is mislead by its 
odour. With reference to the Agromyzidae nonę of the abovo in ter pręt ations 
seems to be convincing. Where there is a lack of the specifie host plants, there 
should be found some plants related to them. The possibility of mistakes in 
the ehoice of the host plant should be rather excluded, sińce before oviposition 
the female makes a rather long inspection of the plant and tastes its sap. But 
if there can be exceptional cases of oviposition on ąuite a strange plant, the 
probability that the larvae will survive in this plant is very smali. In trans- 
plantation erperiments madę by BniR (1937, 1954) Agromyzid larvae trans- 
ferred to plants neither related nor similar phytochemically died before their 
fuli development had been achieved [except the disjunctively oligophagous 
Liriomyza eupatorii (Kalt.) and the deserter, L . cannabis FIend. (cf. p. 138)]. 
Finally, even a survival of the laryae and their pupation does not yet mean 
that they will transform into fertile adults of both sexes and produce a fertile 
offspring bearing inclination towards the new host plant. Thus, a distant 
leap must be a conseąuence of changes in both the instincts and the physio- 
logy of a larger number of individuals, a result of their acquiring of an inclina¬ 
tion to the new host plant and an ability to oyercome its resistance. Such 
inutations may occur, particularly with some “loosening of heredity” of phyto- 
phagous insects in connection with violent changes of enyironmental condi- 
tions. 

Splitting of a parasitic species having a larger number of hosts into j>a- 
rasitic species with a smaller number of hosts, eitlier direct or preceded by 
a transition to the new' host, seems to be the most common kind of speeiation 
in the Agromyzidae . I)ivergency of morjihological characters is here clearly 
linked with ecological, ethological and physiological adaptation to different 
host ])lants, i. e. with u food specialization”. We believe that the splitting of 
an interbreeding community is effected through the so-called biological races, 
i. e. ecological races (all kinds of infraspecies, induding subspecies) attached 
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to particular hosts (host raees, Mayr, 1953). The problem of these raees iii 
phytophagous insects has been diseussed mainly by Thorpe (1930, 1940, 1945) 
and ako taken into account by Petersen (1930), Brueh (1946), Mayh (1942, 
1953), H uxley (1942), IIennjg (1950), Barnek (1953) and others. The origin 
of these raees may be explained by Hopjun’h host seleetion prineiple, accord- 
ing to which poly])hagous inseet and nematod offsprings usually choose the 
same species of host plant their parents have developed on. Bruen (1946) 
believes that the female inseet usually lays eggs on the same ]>lant species or 
even variety she has fed on in her larval stage. The biologieal race, also re- 
ferred to as “conditioning race”, develops gradually from a vague tendeney 
and predilection in a population to a subspecies which is, at the same time, 
an incipient species. A gradually deepening reproductive isolation of raees 
is caused, in the first place, by zoopsychological (ethological) restrains. Pe¬ 
tersen (1930) explains sexual alienation (Entfremdung) of biologieal raees 
of mining moths by differences in odour. A moth follows the odour not merely 
when choosing the object for oviposition (food for larvae) but also when choos- 
ing a partner for copulation, and the odour of an adult is directly influenced 
by the host plant (food) of the larva. Conseąuently, copulating insects are, 
in the first place, tliose the larvae of which have fed on the same plant species 
or even yariety. Larval feeding on different host plants reduces sexual contacts 
of the adults. Petersen believes that a change of food with the inseet passing 
to some other plant may exert an influence through the cytoplasm on the 
chromosomes of sexual cells, as a mutagenic factor. According to Thorpe 
(1945), however, the accustomiug of individuals to a new host plant is of a rathea 
phenotypie character in its original stage, it. is a lasting modification; in turn, 
due to mutations being parallel to this modification and by the operation of 
natural seleetion, it becomes a hereditary one. In this way, structural differen¬ 
ces, the inerease of which accompanies that of physiological differences may 
be originally of a phenotypie character too. That is why, while according to 
the “splitters” the slightest morphological differentiation of the forms attached 
to various host plants shows peculiarity of ecological niches and lack of inter- 
breeding, the “lumpers” are inclined to see in the differentiation nothing but 
a reaction of phytophagous species to living conditions in various “primary 
enyironments” provided by different host plants. The existence of such eco- 
phenotypes (host determined yariations, Mayr, 1953) may be proved only 
by experiments consisting in transpłantation of a parasite from its host to 
an other. Among phyto])hagous insects rather few ecophenotypes are known 
so far, which are dearly differentiated in cliaracters of an apparent taxonomic 
value. Certain examples have been mentioned by Mayr (1953) and Barnes 
(1953). We believe that it is rather only in the case when the copulatory appa- 
ratus lacks in differentiation that the possibility of ecophenotypes must be 
taken into consideration, sińce the deyiations in the structure of these organs 
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are considered to be a barrier separating species or at least populations he- 
reditarily differentiated front eaeh other (cf. pp. 91 92). 

The problem of biological raees is linked with that of “sympatrie speciation”, 
i. e. the origin of species front raees that have not been separated by geogra- 
phical barriers. Authors favouring the eoncept of sympatrie speciation (e. g. 
IlENNlG, 1950) are inelined to hołd, usually, that distinguishing early stages 
of the process as eeological raees or subspecies, or else as species is rather an 
arbitrary or conventional procedurę, treated differently by the splitters and 
the lumpers. Mayk (1942, 1947, 1953), on the other hand, as an opponent of 
the sympatrie speciation eoncept tries to prove that the supposed “eeological 
raees” whieh have never been separated by geographical barriers sliouhl turtt 
out to be either sibling species, or eeophenotypes, or groups of eonvergeni 
Itopulations. “No ‘eeological raees’ that are not at least 4 microgeographioaF 
too, are known” (Mayk, 1947). Mayk thinks that treating the structurally 
uot elearly differentiated interbreeding eommunities as raees niay result from 
the mor]>hological eoneeption of species being favoured. Neverthelcss, cycu 
Mayk, while irrefutably denying the speeies-generating part played by sym- 
]>atrie “habitat raees” depending rather on abiotie faetors, is inelincd to make 
an exeeption for the “biological raees” of parasites of animals and plants, 
i. e. for eeological raees strietly ada])ted to sonie biotie faetors, in that ease 
to the particular hosts. For such raees may be eompared to mierogeographie 
ones due to eertain spaee (topographic) isolation. Mayk, however, sti]mlates 
the possibility of existence of these biological raees ouly in parasites whieh 
do not ehange hosts, and the sexual reproduction of whieh is effeeteil on or 
in the host. Aecording to Brues (1946) and eertain other authors, biological 
isolation of host specialized phytophagous inseets may have the same effeet 
as geographic separation, for their eontaets, particularly in ease of feebly 
vagil forms, are most frequently linked with the food plant. Kuch an opinion 
may be valid for the group of mining flies in ąuestion sińce their adults, thougli 
gifted with ability to fly keep near their host plants, they are most frequently 
found on, particularly at their reproduction period. Such a meehanism of 
biological isolation does not operate, however, in a perfeet way, particularly 
in eases when biological raees are not habitat raees at the same time, i. e. 
when their host plants live in similar biotopes. That is why the deeisiye ]>art 
should be played here by mechanisms of ethologieal isolation mentionecf ab 
ready whieh would at some time be combined with shifts in the season of 
reproduction (eyclic or phenologieal isolation) as well as with deriation in 
structure of the eopulatory apparatus (meehanieal isolation). 

Mayk (1942, 1947) considers the problem of sympatrie speciation of parasi¬ 
tes to be open and hopes that a further aeeumulation of examples of such a speeies- 
formation will lead to a morę accurate analysis of the problem. In this eouneet* 
ion, we wish to State that aecording to the natural system of the Aijrmtufzidne 
the most elose related sympatrie forms oeeur usually on different but rathei 
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tlosely related host plants and have all the character of ecological (“biological”) 
vi<ariant8. The degree of divergency of these forrns varies considerably and 
frequently approaches the invisible spectrum limit of morphologieal differonces. 



Fig. 4>H — 09. A pair of nionopiiagnus sibling species — biological vicariants. Małe copulatory 
apparahis of: «8 —Phylotnyza tanaceti He\ 1>. (from Tanaettum culgare L, Krosno Nadod- 

rzańskie, 24 VI 1931. leg. M. Hertno). 

Distinction of biological races (incipient species) from the already formed 
sibling species would in most cases be possible if morę subtle methods of exa- 
mination were applied. When, howerer, the usual comparative and descriptire 
methods are used and when a limited materiał of reared specimens i« studied, 
<|iiite often in spite of a rather many-sided approach — we can hardly be 
assured of the taxonomic rank of the biological vicariants examined. On page 
114 we have given sonie examples of “mine-species” between which we have 
not yet found any constant structural differences, leaving alone the differences 
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in their variability ranges. These forms are possibly biological raoes. The 
genitalia in not all the subspecies of Phytomyza rertae Hen u. and Ph. sonchi 
R. I)., distingnished by Hkring (1935-1937, 1957a) are known so far, while 
we proved the proposed subspecies of Phytomyza obscura Henie to be distinct 
K|>ecie8 (cf. Nowakowski, 1959). Those biological vieariants whieh show even 
the slightest but constant and perceptible structural differences are treatcd 



Pik. «8 —«». A pair of mnnopkagouK sibliug *pecics - biological eicariante. Małe copulato- 
r>- apparntneof: 69 Phytomyza klimetchi Her. (from ArkilUa mUlrfolium I... Młociny at War- 
ftsawa, 14 X 1955, leję. ,1. T. Nowakowski). 


by tiR as sibling speeies. Tlie notion is applied here particularly to cover forms 
externally almost undifferentiated in the adult Rtage but showing slight but. 
distinct deviations in the structure of their genita! apparatus and usually in 
that of the larva and its minę. Speeies of this kind are quite coninion, and tlicie 
examination makes it possibh* do detect cjuite recent traces of speeiatiou. 
Helów we give exaniples clioRen from gronps of sibling speeies adapted to 
yarious host plants: 
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Cerodontha (Dizygomyza) hut nom (Meig.) (on Cnres L.), ('. (D) effusi Kari. (on Junrus 
effusus L.) [Fig. H6 — 67]. 

Liriomyza pusilla (Meig.) (on Hieraeium L.), />. taraxaci Heu. (on Taraxaeum Zinn 
and Leontodon L.), L. sonchi Hend. (on Sonehus I.,.), L. scorzonerae Ryd. (on Sror- 
zonera L.) t L. pusio (Meig.) (on Tragopogon Ii.), />. enditriae Her. (on Crepis L.). 

Napomyza aconitophila Heni>. (on Aconitum li. and Delphinium L.) t .V. rydeni IIkk. 
(on Ranuneulus L.). 

Phytomyza folia cios a Bri. (on Ranuneulus L.), Ph, anemonem Her. (on Anemone nenio- 
rosa Ii.), Ph. hellebori Kalt. (on Helleborus L.). 

Phytomyza spondylii R. D. (on Heraeleum L.) f Ph. pajtinaceae Hend. (on Pastinara 
L.), Ph. 8\i Her. (on Sium L. and Rerula Koch.) [Fig. 49 — 52]. 

Phytomyza rhaerophylliana Her. (on Chaerophyllum L.), Ph. pimpinellat Hem*, (on 
Pimpinella L.). 

Phytomyza lithospermi Nowak, (on lAthospermum L.), Ph. pulmonariae Nowak, (on 
Pulmonaria L. and Symphytum Ii.), Ph. symphyti IIend. (on Symphytum offi- 
cinale L.), Ph. myosotira Nowak, (on M yosotis L.). 

Phytomyza petoei Her. (on Mentha L.) [Fig. 20], Ph. scotina Hend. (on Salnia L.). 

Phytomyza obscura Hend. (on Satureja L. a. I.), Ph. nrigani Her. (on Origanum Ii.), 
Ph. tetrasticha Hend. (on Mentha L.). 

Phytomyza lappina Gour. (on Arctium fi.), Ph. eupatorii Hend. (on fiupalorium E.). 

Phytomyza żonata Zeit. (on Melampyrum nemorosum L.), f*h. tenella Mei.t. (on 
Eupharasia L.), Ph. pedicularis Her. (on Pedicularis L.). 

Phytomyza ranunculivora Her. (on Ranuneulus acer L., R. repcns L., etc.), /'/o linynae 
Lundq. (on Ranuneulus lingua L. and R. flam mula L.) [Fig. 47 48]. 

Phytomyza solidaginis Hend. (on Solidago L.), Ph. erigerophila Her. (on Erigeron L.). 

Phytomyza tanaceti Hend. (on Tanaretum li.), Ph. leucanthemi Her. (on Chrysanthe - 
mum L.), Ph. klimeschi Her. (on Achillea L.) [Fig. 08 — 09]. 

The “biologicar replacement (vicariation) of elosely allied Agromyzid 
species occurring in common at least over Central and North Europę, ineluding 
Great Hritain (cf. Hering, 1957a) can hardly be recognized as an adeąuate 
proof of sympatrie speciation, sińce we do not know accurately the areas of 
the geographieal distribution of the.se species and sińce the areas of distribution 
of their host plants do not or did not originaily coincide. We know, however, 
that the areas of distribution of the Agromyzid species are in many cases very 
wi<le and at the same time broken by geographic barriers, so that they may 
stretch over the wliole Palaearctic Region together with its islands, e. g. from 
the Canary Isles, Great Britain and Iceland as far as the Japanese Islands, 
and even over the whole Holarctic Region (cf. Hendel, 1931—1936; Frick, 
1952; Sasak a wa, 1953 —1958; Spencer, 1956; Hering, 1957a). lt seems that 
these areas can sometimes cover those of the host plants. These facts bear 
witness that the individuality of the hosts plays a morę important part than 
both the geogra])hic barriers and climatic factors in the speciation of these 
dipterous insects, just as is the case with the species-formation of otlier host 
specialized parasites. This view is elosely linked with the theory of correlated 
evolution of both hosts and parasites (cf. pp. 163 —171). 

It is generally agreed that in the speciation of botli animals and plants 
ecological isolation is supplemented by geogra])liical isolation sińce the two 
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factors scarcely act separately; in naturę we usually observe many iutermediate 
stages between the two, i. e. ecogeographical isolation. Similarly, biological 
(liost) isolation being the chief factor in speciation of host specialized parasites 
<*ooperate8 with ecologicai isolation of other kinds as well as with geographieal 
isolation. The morę the areas of the host distribution and tlieir ecologicai 
characters differ, the morę efficient should this cooperation be. When hosts 
are geographic yicariants, the parasite species-formation under their influence 
is, at the same time, a geographic one. PhyUmyza angelicae kibunensis Sa- 
sak. on Angelica polyclada Frań oh. and A. kiusicma M a x i m ., for instance, 
tir Phytomyza senecionis raraslernopleuralis Sasak. on Seneeio palniatus Kall., 
both subspeeies described by Sasakawa from Japan (1953, 1955a), are repla- 
cing “biologically” as well as eeologicaily and geographically the Guropaean 
nominał subspeeies. After the genital apparatus of Nearctic species have been 
examined, their many-sided vicariation with regard to Palaearctic ones will 
no doubt be revealed too. 

Since the so-called geographieal speciation is nothing but a borderline 
case of the process of species-formation directed mainly by ecologicai isolation 
of various kinds, we believe that certain notions applied to geographic Yi¬ 
cariants may also be applied to ecologicai vicariants and particularly to certain 
biological vicariants, namely closely related parasitic forms adapted to differ- 
ent hosts. In particular we suggest following Huxlby (1942) the torms i>o- 
lytypic species ( Rassenkreis) and superspecies (= Artenkreis) 1 introduced 
by Rens(h and Mayr (cf. Mayr, 1942) to denote groups of closely related 
aUoj)atric subspeeies or species to be applied also with regard to corresponding 
sympatric species groups. The extension of the superspecies concept to groups 
of eeologicaily and biologically vicariant sibling species oecuring together 
in wide geograi>hical areas is considered useful for the simple reason that the 
extremely poor structural differentiation of these s]>ecies is an obvious proof 
of their direct relationship but, at the same time, raises difficulties in distin- 
guishing them from ecotypes and ecophenotypes. The superspecies though 
originating directly from polytypic species should not be recognized as a parti¬ 
cular kind of species but merely as a monophyletic group of species of a Iow 
degree of divergency, i. e. an elementary genus. In certain cases it may reacli 
the taxonomic rank of a subgenus or even that of a genus, depending on the 
individual evaluation of the investigator. 

It must be stressed that occurence of yarious sympatric 8]>ecies of Agromy- 
zidae on the same host plant results in most cases in sonie ecologicai conver- 
genee. Deviations from this are not actually so frequent as it might have seemed 
from the artificial system of the family and from the not ahvays very carefully 
composed host plant lists of the particular species. When the małe genitalia 
are examined a la<*k of direct relationship in spite of a similar external morpho- 


1 Calleri by Huxley (1942) ‘'supraepeoies”. 
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logy and of a common host plant is usually revealed. To different natural 
genera should be included for instance: Phytomyza obncurella Fall. and Ph. 
pubicornis IIend. (on Aegopodinm L.), Ph. hendeli Her. and Ph. albimargo 
Her. (on Anemone nemorosa L.), Ph. rectae pulsatillae Her. and Ph. ram pa- 
nariae Nowak, (on PulsatUla Mill.), Ph. tetrasticha Hend. and Ph. petoei 
Her. (on Mentha L.), Ph. ranunculi (Schrk.) and Ph. fallaciosa Bri. (on Ua- 
nunculus L.); to different subgenera or superspecies at least — the following: 
Phytomyza matrirariae Hend. and Ph. klimeschi Her. (on Achiltea L.), Ph. 
aconiti Hend. and Ph. aconitella Hend. (on A roni tum L. and Delphinium L.) t 
Ph. anyelicae Kalt. and Ph. angelicastri Her. (on Angelica L.), Ph. spondylii 
Ii. 1). and Ph. heracleana Her. (on Herarleum Ij.), Ph. pauliloewi Hend. and 
Ph. pimpineUae Hend. as well as Ph. adjuncła Her. and Ph. melana Hend. 
(on PimpineUa L.). Possession of a common host plant by sonie closely related 
Agromyzid species usually means secondary or accidental oligophagy, if it 
is not due to misidentification of either plants or insects. E. g. the alleged 
appearance of Liriomyza pusio (Meig.) on Scorzonera L. (together with L. 
tcorzonerae Byd.), of Phytomyza obsrura Hend. on Mentha L. (together with 
Ph. tetrasticha Hend.), of Ph. tetrasticha Hend. on Satureja L. (together with 
Ph. obscura Hend.), of Ph. myosotica Nowak, on Symphytum L. (together 
with Ph. symphyti Hend.) should be explained rather by misidentification. 
A number of other similar cases should be checked, e. g. the occurrenee of 
Phytomyza rarnosa Hend. on Succisa Neck. (together with Ph. olgae Her.) 
and of Ph. olgae Her. on Knautia L. (together with Ph. raniona Hend.). On 
the other band, the occurrenee of Amauromyza lamii (Kalt.) on Ballota L. 
[together with A. morionella (Zett.)], and of A. morionella (Zett.) on Lamium 
L. [together with A. lamii (Kalt.)], of Calycomyza humerał is (Ros.) on 
Soli dag o L. [together with C. solidaginis (Kalt.)], of Liriomyza nonchi Hend. 
on Hieracium L. [together with L. pusilla (Meig.)], of Phytomyza spondylii 
R. I>. on Pastinaca L. (together with Ph. pastinacae Hend.) are most likoly 
the result of a secondary eipansion from the primary host plant to a related 
plant which has thus become a secondary (accessory) host plant. The secondary 
character of the oligophagy is scen here from the fact that the related Agromyzid 
species occuring on the same plant differ, at the same time, dearly in their 
choice of the primary (main) host plant. This is quite an analogous phenomenon 
to that observed with former geographic vicariants, the distribution areas 
of which oyerlap as a result of a secondary territorial expansion. Closely related 
host plants can be compared to islands of an archipelago on which animal 
species originated and migrated afterwards to other islands in the yicinity. 
Most cases of ccmimon occurrenee of closely related Agromyzid species on the 
same host plant have been recorded among ]>arasites of the Gramineae and 
Garex L. (the group of Agromyza ambigua Fall., of A. cinerascens Macq., 
Cerodontha Rond. and Metopomyza Enderl.). This may be explained by the 
considerable resemblance of the leaves of the grasses as well as the resemblance 
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of the mines produced in them. These two kinds of resemblance seem to have 
given rise to both reshuffling of phytophagous fauna and misidentifications 
of plant and insect species. According to the materiał collected and examined 
by the author the shuffling in ąuestion is not so complete as would seem from 
the literaturę. Geographie speciation in its strietest sense, howeyer, or an 
adaptation to yarious habitats (biotopes) rnight quite often have played a morę 
important part here, than that of isolation under the influence of different 
ho8t plants. This supposition could also be true in the comparatiyely few cases 
in which very closely related parasites of Dicotyledons do not differ even in 
their choice of the primary host plants, e. g. Phytagromyza pop uli (Kalt.) 
and Ph. poputicola (Hal.) (on Populus ni gra L.), Phytomyza obscurella Pall. 
and Ph. podagrariae Her. (on Aegopodium podagraria L.), Phytomyza calthophila 
IIeh. and Ph. calthivora Heni), (on Caltha palustris L.). It should be noticed 
that the sister species mentioned as living on the common host plants differ 
mainly in the degree of their adyance in the directional evolution of the larval 
spiracles (cf. p. 131). The three sibling species treated as races of Liriomyza 
(Cephalomyza) cepae (Her.) feeding on Allium L. are different iated in the 
same way. Herino (1956b) considered these forms to have been brought in* 
dependently to Germany, thus they seem to be geographical vicariants (cf. 
I1ekin<;. L967b). 

In certain cases the adaptation of feeding liabits to yarious plant organs 
and tissues was taken to haye been the motor of speciation. Herino (1949) 
has described biological subspecies of Phytomyza ranunculi (ScintK.) differing 
mainly as to the place and manner of feeding, and later (1958a) certain species 
of Phytomyza Pall. living in yarious storn tissues of Clematis reda L. We eannot 
comment, however, on these examples, sińce we do not know the genital appa* 
ratus of the forms in question. Suoh u conjuncted species'’ are known in para- 
sitology but among the Agromyzidae they seem to occur rather seldom. Ad¬ 
aptation to yarious plant tissues and organs must haye been here linked in most 
cases with that to yarious plant specios or groups. Por instance, the species of 
Phytomyza Pall. living in seed capsules of Melampyrum L., Eupkaroftia L. and 
Pedicularis L. and species mining in the leaves of Veronioa L., and Digitalis 
L. belong together to one natural genus. 


Retnrded Evolution 

The relation between phytophagous insects and their host plants has been 
formed as a result of the evolution of the two partners. Home preponderance 
of systematic oligophagy on the level of the species and that of the genus as 
well as preponderance of biological replaeement can be partly explained by 
means of the theory of correlated evolution of hosts and parasites. The theory 
has been included in t he ])arasitogenic rules, i. e., parasitological correlation 
rules (parasitologische Korrelationsregeln), which we shall try to yerify as 
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applied to the discussed group of pa. ras i ten of ])lants. We ąuote these rules 
as fornuilated by Eichler (1942): 

1) Fahrenholz* rule. * ł Bei zalilrek-lien (vorwiegeml stand igen) Parasiten ist mit der 
histnrischen Kntwicklung und Aufspaltung der Wirte gleichlaufeml aucli eine entspre- 
ehende Entwicklung und Aufspaltung der Parasiten einhergegangen. Ans den sieli erge- 
henden verwandts«*haftlichen Beziehungen der Parasiten lassen sich deshalb Hiieksehliisse 
zielien auf die (oft verdeekten) VerwandtBehaft8verhiiltnisse der Wirte”. 

Fahbenholz’ rule has also been referred to as the rule of the parallel evolu- 
tion (Stammer, 1957 ) ot thafc of phylogcnetic parallclism (cf. Eichler, 1940). 
In order, however, not to confuse ]>arallel eyolution of hosts and parasites 
witli phylogenetic parallelisin of related parasitic groups (cf. pp. 114 —133), tli* 
former will be referred to as correlated eyolution. 

Since Fahrenholz’ rule has sometimes been interpreted as that of simulta- 
neous speciation of hosts and parasites, the eonception of retarded eyolution 
of parasites (Hopkins, 1942; cf. Szidat, 1950) is considered to be a certain 
niodification of the above. According to this concept the eyolution and specia¬ 
tion of parasites have always been lagging behind and following those of their 
hosts. The changes of the host must go beyond a certain limit, before the pa- 
rasite changes take place. That is why on higher taxonomic units of hosts 
live lower taxonomic units of parasites, e. g. a parasitic species on a host genus, 
a parasitic genus on a host family and so on. 

It is well known that animal eyolution followed that of plants, wherever 
a closer link between an animal and a plant group had been established, parti- 
cularly a symbiotic relation (in a broader sense, cf. Allee, 1949). A number 
c»f interested investigators (e. g. Fetersen, 1930; Brues, 1940; Hering, 
1951a; Painter, 1953) maintain that correlated eyolution (referred to as 
u parallel eyolution”, and usually understood as retarded eyolution) explains 
best the u botanical sense'' of many phytophagous insects and certain ])eralleU 
in the system of yarious insect groups and their host plants; they also hołd, 
however, that in addition to correlated eyolution occasional leaps of insects 
to plants, either related or even unrelated to their ]>rimary (original) hosts, 
have taken place. 

The Agromyzidae are considered to be a phylogenetically young group, 
considerably retarded in their eyolution and well behind that of the Angio- 
spernis. The majority of the flies occur on the highest families of Angiosperms, 
such as Compositae , Labiatae , UmbeUiferae , Leguminmae , Gramineae and Cy- 
peraceae. From among the older families only the Ranunculaceae are freąuently 
inyaded. Agromyzids feed mainly on herbaceous plants which evolved se- 
condarily from arboreous plants, while from among the xylophytes they 
choose almost exclusively those witli deciduous leaves, which have been se- 
condarily derived from xylophytes with winter-durable leaves (evergreen 
plants). The division of the family into few but large genera, comprising nu- 
merous and poorly differentiated species, has been also considered as an evi- 
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dence of its late origin (Frick, 1952). Although a morę profound study of 
the morphology of tlie adults will show tliat neither are the genera so large 
nor the speeies so poorly differentiated, as has been beiieved up till now, the 
fairly freąuent occurrence of sibling speeies, particularly in apomorphous groups, 
s]>eaks in favour of the phylogenetic youth of the family and its ability to 
continue its speeializing evolution. 

The natural system of the Agromyzidae whieh is now emerging as a result 
of the examination of their genital apparatus reyeals a nuinber of links with 
tliat of the Angio8perms (cf. pp. 96 — 107, 154). Howerer, elear parallels between 
the two systems are to be found merely on the level of lower taxonomic units, 
and give way as higher and higher units are compared. Superspecies, sub- 
genera and many genera of mining flies have usually been linked with groups 
of related genera, tribes, subfamilies, families and orders of plants. And yet 
related natural genera of the flies occur usually on unrelated plant groups, 
and the dhision of the family Agromyzidae into two subfamilies has nothing 
in common with any division of the Angiosperms. The degree of divergency 
of parasitic speeies belonging to the same subgenus corresponds sometimes 
to tliat of divergency of their host plant genera [cf. fig. 70]. The picture is 
morę eoniplex when parasites belonging to tlie same genus do not bear the 
same relation to each other as do their host plants and when host ranges of 
various subgenera of the same genus overlap (ef. pp. 163 165). Certain Angio- 

s])erm groups have been completely omitted by Agromyzids. The facts as well 
as the existenee of various kinds of “phagism” on the level of speeies and genus 
(ef. pp. 134 138, 154) point to the late origin of the Agromyzids as compared to 

tliat of the Angiosperms and to a gradual expansion of the former to their 
host plants. 

According to the opinionof dipterologists (ef. Lindner, 1949; Hendel, 1931; 
Frick, 1952), the Agromyzidae eould not have arisen until the upper Cretaeeous, 
i. e. al t he beginning of the Caenophytie era when the Angiosperms have already 
undergone their mainradiations and spread over all continents, gaining preponde- 
rance in the world flora. Already in the upper Cretaeeous there existed prototypes 
of many present genera of the Angiosperms. The Agromyzidae are to such 
degree adapted both biotically and structuraly to their endophytophagous 
liabits tliat they seem to have arisen already after their aneestors abandoned 
saprophagy. There is only sonie very slight probability tliat a polyphagous 
speeies occuring on many unrelated plant groups found in the initial center 
of its origin has been an ancestor of the family. The ancestor must have been 
rather a limited oligophagous speeies attaehed to one plant family or even 
a monophagous speeies linked with tlie prototype of one plant genus; all the 
other host plant genera of the Agromyzids have been invaded by its offsprings 
through 8uccessive ecologieal expansions combined with territorial expansions. 
This eould justify both a complete laek of Agromyzids on certain Angiosperrn 
groups as well as wide disjunctions in liost ranges. The present flourishing 
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Fig. 70. Relationahipa within the former group of PUytomyza obucura Hend. aa compared 
with the ayateiu of ita hoat plant a (after Nowakowski, 1959). 
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of the family and its extension over all continents and zones could not have 
begun earlier than in the Tertiary when large numbers of arboreous plants changed 
into herbaceous — the process lasting to the Quartenary. The few fossil remains 
of Agromyzidae are known from the Baltic amber of lower Oligocene age. The 
Pliocene and Pleistocene are taken as periods of great expansion and differentia- 
tion of the herbaceous plant genera (Stebbins, 1950). Hbndel (1931) and 
Frick (1952) consider Europę to be the center of expansion of Phytomyza 
Fall. comprising the niajority of apomorphous groups of the subfamily Phy- 
tomyzinae . Europę is also characterized by an overwhelming niajority of herba- 
eeous plants, as the Glaeial period destroyed the largest percentage of arboreous 
plants on that continent. 

The evolution of the Agromyzidae might have been retarded as it followed 
that of the plants, though, at the same time, it might have been faster in its 
tempo. One speciation of the host ])lants had to correspond to several specia- 
tions of the Agromyzids, sińce the new Agromyzid species originated as a result 
of the extension of earlier species to the already formed plant groups, various 
Agromyzid species settling independently on the same plant group and then 
diverging together with it but far quicker in their tendeney to shift to mono- 
phagy. 

The related, though “catehing up v evolution of these parasites aiong with 
their leaps to secondary hosts, either related or unrelated with the primary 
(original) ones, justifies not merely a lack of parallels in the systems of two 
groups of organisms on the level of higher taxouomic units but also conspicuous 
deyiations from it at the level of lower units. If parasite species-formations 
are considerably retarded as compared to those of their hosts, they may also 
not be strictly adjusted to them. For some reasons or other (cf. pp. 141 148) 

a parasite may omit some plant species or, on the other band, may choose 
some other though directly unrelated but morę alike in other respects, e. g. 
in geographic distribution, ecological character or morphological and phyto- 
chemieal fcatures of the invaded organs. Since tliere are leaps to related plants, 
systematic oligophagy does not always correspond to the so-called phylogene- 
tic host specificity. 

The mutual verification of the host and parasite systems must thus be 
based on a many-sided knowledge of both these groups of organisms. The 
occurrence of the same or closely related phytophagous insect species on some 
plants does not prove the relationship between these plants to be a direct 
one, but rather unables us to expect such a relationship or an affinity of some 
other kind. 

2) Szij»at's rule: “Die Neigung zur Hoherentwicklung der Wirte farbt yielfach 
ab auf deren (vorwiegend stiindige) Parasiten, so dąsu innerhaib vergleiehbarer grogger 
Einheiteu den Wirtagriippeii mit relatiy niederer Organisationnhohe (primitivere Wirte) 
auch Parasiten mit relativ niederer Organisationshdhe (primitivere Parasiten) zu eigen 
ftind". 
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When the Agromyzids appeared on the stage, all ur nearly all Angiosperm 
families had already been there, and thus they did not have to conąuer plesio¬ 
morphous plant families eariier than apomorphous ones. Thus, the plesio¬ 
morphous representatives of this dipterous gron]) could live on plant families 
at various levels of apomorpliy. When, however, trying ta choose the forms 
less distant from the common ancestor, the evolution of host specificity must 
be taken into eonsideration together with that of topospeeificity. 

Thus, it is of great importance to elear up the eeology of Encoelocera bi- 
color Loew, a speeies which in many respects (large body size, structure of the 
forehead, wing venation, abundant bristles, primitiye, symmetric genital 
apparatus) could pretend to be taken for the most plesiomorphous from among 
the recent Agromyzids. 

The genns Phytobia Lioy (= Dendromyza Hend.) living in the eambium 
of xylophytes belonging to the plesiomorphous families Betulaceae, Salicaceae 
and Rosaceae , seems to be distinctly plesiomorphous too. If it is to be consi- 
dered as the ancestor of other Agrornyzidae, the assumption must be madę 
that these dipterous insects fed originally in the eambium of some primitiye 
arboreous Angiosperms and it was not until later that they passed over to 
herbaceous ones. The forms mining leaves of xylophytes are, however, of 
a secondary descent from yarious forms mining leaves of herbs. 

Recently Hering (1957c), however, has recognized the feeding in liver 
mosses to be original. Liriomyza mesnili d’Aguilar and L. spec. from Megaceros 
Campbell belong according to their adult characters to the subfamily Phy- 
tomyzinae , and according to their larval features they could be ineluded in 
the subfamily Agromyzinae , and as such they seems to be close to the common 
ancestor of the two subfamilies. Larvae or mines on liver mosses are known 
from Europę, the West Indies, from Juan Fernandez and New Zeeland. In 
conseąuence of Hering’s view, an assumption could be madę that the origin 
of the Agrornyzidae consisted in shifting from saprophagy to feeding in the 
thallus of liver mosses, and that yascular ]>lants have been conquered as a result 
of a secondary expansion. In case tliis hypothesis were correct, Szidat’s rule 
would be of wider application here. 

3) Eichlers’8 rule: “Luter in sich gleichwertigen, grosseren systematisehen Einheiten 
von Wirten haben Jiejenigen Grup pen, welche eine reiehe Gliederung aufweisen, aucli eine 
grdHsere Mannigfaltigkeit des (vorwiegend Btandigen) Parasitenbestandes, ais diejenigen 
mit geringer Gliederung”. 

As an oyerwhelrning majority of Agromyzids live on the highest families 
of Angiosperms (cf. p. 166), tliis faet might show the flourishing periods of 
the plant families to coincide with those of their parasites. The highest Angio- 
sperm families have also the largest numbers of their representatives, and 
thns, Eiohler’s rule can be applied, as far at least as the better examined 
European fauna of the Agrornyzidae is concerned. From among the older 
plant families morę differentiated and richer in speeies, Ranunculaceae alone 
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have an abundant Agromyzid fauna. There are merely single oligophagous 
species that live on the Caryophyłlaceae , Cruciferae and Rosaceae. Smali and 
poorly differentiated Angiosperin families nourish usually also still poorer 
faunas of mining flies. 


In these “Remarks on Most Plant Seleetion by Mining Flies" a number 
of facts has been gathered and a number of problems has been touched upon 
in trying to grasp the relation of these phytophagous insects to their host 
plants from an evolutionary point of view. We hope that elaboration and 
solution of the probleins will be provided by further, morę detailed taxonomic 
and ecological studies, as well as by physiological and genetie inyestigations. 
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STRESZCZENIE 

W części wstępnej „O trzech zasadniczych cechach systematyki neonto- 
logicznej” autor określił systematykę biologiczną jako naukę o naturalnym 
układzie organizmów, a układ naturalny jako układ konsekwentnie filoge¬ 
netyczny. Wykazał on, że systematyka neontologiczna jest: 

1) filogenetyczna, ponieważ traktuje gatunki jako etapy i stany 
równowagi procesu ewolucyjnego i ponieważ klasyfikuje je w układ hierar¬ 
chiczny (w grupy monofiletyczne) według kryterium pokrewieństwa filoge¬ 
netycznego, czyli wspólnego pochodzenia, a przez to przyczynia się do re¬ 
konstrukcji drzewa rodowego organizmów, 

2) obiektywna, ponieważ wyróżnia istniejące realnie w przyrodzie 
wspólnoty rozrodcze organizmów (gatunki) i ponieważ łączy gatunki w grupy 
monofiletyczne według obiektywnego kryterium pokrewieństwa filogenetycz¬ 
nego, uchwytnego w czasie, 

3) wielostronna (kompleksowa), ponieważ rozróżnia wspólnoty roz¬ 
rodcze organizmów i poznaje stosunki pokrewieństwa tych wspólnot za po¬ 
mocą metody wzajemnego wyświetlania, opartej na analizie wszelkich po¬ 
dobieństw i różnic między organizmami. 

We „Wstępie do rewizji systematycznej rodziny Agromyzidae ” autor wy¬ 
kazał, że systematyka owadów minujących może opierać się na znajomości 
nisz ekologicznych i cyklów rozwojowych oraz na stałej konfrontacji danych 
ekologicznych z morfologicznymi i że może ona stosować metody i reguły para¬ 
zytologiczne. Następnie przeprowadził a'i tor krytykę obecnego stanu badań 
systematycznych nad omawianą grupą, których słabym punktem była po¬ 
wierzchowna znajomość morfologii postaci dorosłych, oraz uzasadnił potrzebę 
szczegółowej rewizji rodziny w oparciu o aparaty genitalne. 
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W rozdziale „Znaczenie pewnych aspektów badawczych” autor dokonał 
analizy wartości taksonomicznej zewnętrznej morfologii imago, aparatu ge¬ 
nitalnego samca, oraz znaczenia larwy i miny. Stwierdził on, że trudność 
uprawiania systematyki Agromyzidae jedynie w oparciu o zewnętrzną morfo¬ 
logię imagines spowodowana jest z jednej strony nieuchwytnością różnic 
zewnętrznych między licznymi w tej grupie gatunkami bliźniaczymi (sibling 
speeies), a często nawet między gatunkami bliżej niespokrewnionymi, które 
określił jako “pseudo-sibling speeies”, z drugiej zaś szeroką skalą zmienności 
wewnątrzpopulacyjnej. Autor rozpatrzył przy tym krytycznie znane przypadki 
polimorfizmu (polichromatyzmu) i zarejestrował parę nowych przykła¬ 
dów. 

Autor wykazał, że aparat genitalny samca, dotychczas prawie wcale nie 
wykorzystywany przez systematykę Agromyzidae , ma wysoki walor taksono¬ 
miczny z powodu swego silnego zróżnicowania w obrębie grupy przy stosunkowo 
słabej zmienności wewnątrzpopulacyjnej; na walor ten wskazuje wysoki stopień 
korelacji cech genitalnych z cechami niszowymi. Ta specyficzność, której nie 
można wytłumaczyć samą komplikacją budowy genitaliów, przemawia za 
istnieniem izolacji mechanicznej, pojmowanej jednak tylko w sensie negatyw¬ 
nego czynnika doboru płciowego. Autor z jednej strony podał szereg przykładów' 
łatwego rozróżniania gatunków z trudnych grup przez porównanie aparatu 
genitalnego, z drugiej zaś wykazał tą drogą konspecyficzność kilku form opi¬ 
sanych na podstawie morfologii zewnętrznej. Z pow r odu komplikacji budowy 
genitaliów' przy silnym ich zróżnicowaniu w obrębie grupy, znajomość tych 
aparatów' jest konieczna przy ustalaniu naturalnych pokrewieństw gatunków. 
Autor wykazał, że klasyfikacja oparta również na aparatach genitalnych wy¬ 
magałaby rozbicia nielicznych wielkich rodzajów sztucznych na liczniejsze 
i na ogół mniejsze rodzaje naturalne, będące często grapami wikariantów 
biotycznych, żerujących na spokrewnionych roślinach żywicielskich. Doko¬ 
nując częściowej rewizji podrodziny Phytomyzinae, wyróżnił on liczne naturalne 
grupy gatunków' i wyznaczył gatunki typowe trzech nowych rodzajów. 

Pogłębienie znajomości morfologii imagines wykazuje powiązanie procesów' 
dywergencji we wszystkich stadiach cyklu rozwojowego, pozorność poikilo- 
gonii oraz inkongrueneji. Na skutek kierunkowości i równoległości ewolucji 
najbardziej plastycznych narządów larwalnych (spirakulów), budowa larw r 
jest mniej zróżnicowana w obrębie grupy i mniej specyficzna od budowy apa¬ 
ratów’ genitalnych. U pięciu gatunków autor wykrył eyklomorfizm (dymorfizm 
sezonowy) larw'. 

Autor zwrócił uwagę, że oznaczanie gatunków owadów minujących według 
roślin żywicielskich i min polega na stosowaniu metody rozróżniania pasożytów 
poprzez żywicieli i odwrotnie (host-parasite discrimination method). Wiele 
form wyróżnionych dawniej na podstawie min i roślin żywicielskich okazało 
się dobrymi gatunkami po dokładniejszym zbadaniu ich morfologii, co w skazuje 
na wysoki walor taksonomiczny cech biotycznych. 
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W rozdziale „Kierunki ewolucyjne” autor wykazał sztuczność i poziomy 
przebieg wielu obecnych podziałów taksonomicznych wyróżniających poli- 
filetyczne „grupy studialne” i „negatywne” zamiast grup monofiletycznych. 
Wyróżnił on i zbadał cztery kierunki równoległej ewolucji w obrębie omawianej 
rodziny, wykazując częściowo ich przystosowawczy charakter związek 
z pasożytniczym trybem życia larw. Zmniejszanie się rozmiarów ciała w filo¬ 
genezie autor sprowadził tu głównie do działania parazytologicznej reguły 
IIarrikona; z procesem tym próbował związać redukcję i koncentrację ko- 
stalną użytkowania skrzydła (związaną również z mechaniką lotu) oraz re¬ 
dukcję oszczecenia. Rozrost i rozgałęzianie się spirakulów r larw oraz zwiększa¬ 
nie się liczby otworków oddechowych jest usprawnieniem tych części aparatu 
oddechowego w warunkach endofagizmu, a niekiedy też przystosowaniem się 
ich do funkcji ezepnej. Autor zwrócił uwagę, że równoległa ortoewolucja w obrę¬ 
bie grupy nie zawsze wiąże się ze specjacją dywergencyjną, że zaznaczają się 
pewne przekrzyżowania tych dwu dróg ewolucji. 

„Uwagi na temat wybiórczości Agromyzidae” rozpoczynają się rozdziałem 
„Specyficzność roślin żywicielskich”, w którym autor stwierdził dominację 
wąskiego oligofagizmu systematycznego zarówno nad monofagizmem ścisłym, 
jak i nad oligofagizmem systematycznym wyższych stopni, oligofagizmem 
dyzjunktywnym oraz polifagizmem. Uznając pewną płynność granic między 
oligofagizmem a ksenofagizmem (w f szerszym znaczeniu) autor podał w wąt¬ 
pliwość przytaczane w piśmiennictwie przykłady ksenofagizmu (w węższym 
znaczeniu). 

W rozdziale „Wpływ pewnych czynników na wybór rośliny żywicielskiej” 
autor starał się znaleźć przyczyny odchyleń od oligofagizmu systematycznego 
i wykazał, że na wybór rośliny przez fitofaga mogą mieć wpływ oprócz 
specyficznych protein roślinnych również „substancje atrakcyjne”, dalej 
rozmieszczenie geograficzne rośliny oraz cechy anatomiczne atakowanych 
narządów roślinnych, związane znów z formą wzrostową i typem ekologicznym 
rośliny. W związku ze swą ezerwiowatą budową, hygrofilnością i cieniolub- 
nością endofagiczne larwy muchówek unikają liści twardych (skórzastych), 
jak również liści zbyt drobnych (które nie dostarczyłyby im zresztą dostatecz¬ 
nej ilości pokarmu), przekładają hygrofity i mezofity nad kserofity, a rośliny 
zielne nad drzewiaste. 

W rozdziale „Rozmieszczenie Agromyzidae na tle roślinności” autor starał 
się wykazać, że fauna tych muchówek zależy przede wszystkim od trofizmu 
siedliska (gleby), nie tylko dlatego, że roślinność siedlisk oligotroficznych jest 
uboga, lecz również dlatego, że przeważają w niej gatunki kseromorficzne. 
Poza tym środowiska wilgotne są dogodniejsze od suchych, zacienione od nie- 
zacienionych, podłoże nie zalane od zalanego wodą, roślinność zielna od drze¬ 
wiastej. Zależności te autor zilustrował przez porównanie faun kilku zespołów 
leśnych niżu polskiego. Przy przejściu do zbiorowisk związanych z siedliskami 
oligotroficznymi stwierdził on gwałtowne zubożenie fauny spowodowane 
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wypadnięciem prawie wszystkich gatunków roślin żywieielskich. Głównie 
przewagą roślinności kseromorficznej autor próbował też wytłumaczyć ubóstwo 
fauny tajgi, tundry i strefy śródziemnomorskiej w porównaniu z fauną strefy 
lasów liściastych i mieszanych w Europie, jak również ubóstwo fauny strefy 
wysokogórskiej w porównaniu z fauną regla dolnego. 

W rozdziale „Związek specjalizacji pokarmowej ze specjacją” autor wyka¬ 
zał, że w ewolucji w obrębie omawianej grupy dominuje zawężanie zakresu 
roślin żywieielskich, swoistych dla poszczególnych gatunków fitofagów, i dą¬ 
żenie do monofagizmu. Obok tego procesu ma jednak miejsce ekspansja na 
żywicieli wtórnych, spokrewnionych lub niespokrewnionych z pierwotnymi, 
prowadząca niekiedy nawet do polifagizmu. Rozległość, wielostrefowość i dyz- 
junktywność areałów wielu gatunków Agromyzidae , jak również występowanie 
gatunków bliźniaczych i w ogóle gatunków blisko spokrewnionych na tym 
samym obszarze geograficznym, lecz na różnych, i to zwykle na spokrewnio¬ 
nych roślinach żywieielskich, przemawia za istnieniem specjacji sympatrycz- 
nej zachodzącej poprzez „rasy biologiczneAutor wykazał, że występowanie 
kilku gatunków sympatryeznych na tej samej roślinie żywicielskiej polega naj¬ 
częściej na konwergencji ekologicznej. 

W rozdziale „Ewolucja opóźniona” autor próbował sprawdzić reguły pa- 
razytogeniczne na omawianej grupie pasożytów roślin. Za tym, że Agromyzidae 
rozpoczęły swą ewolucję znacznie później niż rośliny okrytozalążkowe i stop¬ 
niowo rozprzestrzeniały się na te rośliny, przemawia występowanie znacznej 
większości tych fitofagów na najwyższych rodzinach A ngiospermae i na gatun¬ 
kach zielnych, brak równoległości układów systematycznych żywicieli i paso¬ 
żytów na szczeblach wyższych jednostek taksonomicznych oraz znaczne od¬ 
chylenia od tej równoległości na szczeblach niższych jednostek, jak również 
pominięcie wielu grup A ngiospermae. Ze względu na brak wspólnego rytmu 
specjacji żywicieli i pasożytów oraz przeskoki pasożytów na żywicieli wtór¬ 
nych, spokrewnionych lub niespokrewnionych z pierwotnymi, „reguła ewolucji 
równoległej” Fahrenholza nie ma tu szerszego zastosowania. Bardzo ograniczo¬ 
ny zasięg ma również reguła Szidata, jakkolwiek jest możliwe, że Agromyzidae 
żyły pierwotnie w kambium prymitywnych drzewiastych Angiospermae i dopiero 
wtórnie przerzuciły się na zielne okrytozalążkowe. Dość szerokie zastosowanie 
znajduje reguła Eiohlera, ponieważ najwyższe rodziny Angiospermae są 
jednocześnie rodzinami reprezentowanymi przez największe liczby rodzajów 
i gatunków. 


PE3IOME 

Bo BCTynwTejibHOM nacTH „O Tpex ocHOBHbix uepTax HeoHTOJionmecicoH CHCTeMaTHKK” 
aBTop onpe/iejifleT 6nojiorHHecKyK) cwcTeMaTHicy Kax Hayicy o ecTecTBeHHOH chctcmc 
opramnMOB, a ecTecTBeHHyio cucTeMy Kaic cwcTeMy nocjieaoBaTejibHO (|)HJioreHeTHHec- 
Kyio. Oh flOKaibiBacT, hto HeoHTOJiorHHecKaa cHCTeMaTmca BBjiaeTCH: 
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Bo-nepBbix, 4>njioreHeTHHecKOH, TaK KaK paccMaTpHBaeT bh;i KaK 3Tan, mjih 
cocTOHHHe paBHOBecHH, b 3bojik)uhohhom npouecce h rpynnwpyeT bh^w b Hepapxw- 
HecKyio cHCTeMy (b MOHO(j)HjieTH4ecKHC rpynnbi), npHMeHHH KpHTepHH (|)MjioreHeTHHec- 
Koro pozicTBa, t. e. o6mero npoHcxo)KfleHHH, h tcm caMbiM coaeHCTByeT peKOHCTpyKumi 
po,aocJioBHoro jx peBa opraHH3MOB; 

Bo-BTopbix, o 6 be k r h b h o ii, Tax KaK BbiaejifleT peajibHO cymecTByłomHe b npHpo/ie 
cooómeciBa cKpeLUHBaiomHxcH opraHH3MOB (t. e. bh flbi) h oóbeflHHaeT bh/jm b moho- 
4>HJieTHHecKMe rpynnbi, npHMeHBH KpmepHM (JmjioreHeTHHecKoro poACTBa, yjioBHMoro 
BO BpeMCHH; 

B-TpeTbHX, MHorocTopoHHen (KOMnjieKCHoii), TaK KaK pa3jiHHaeT cooómecTBa 
CKpemHBaiomHXCH opraHH3MOB u o6Hapy)KMBaeT po^CTBo 3 tmx cooómecTB, nojib3yacb 
MCTOflOM B3aHMHOrO pa3bHCHeHHB, OCHOBaHHbIM Ha aHaJ!H3e Kamoro CXOACTBa H KB5K- 
aoro pa3JiHHHH Meac/iy opraHH3MaMn. 

Bo „BBeAeHHH b cHCTeMaTMHecKyK) peBH3mo ceMewcTBa Agromyzidae" aBTop jx o- 
Ka3bIBaeT, HTO CHCTCMaTHKa MHHHpyiOmHX HaceKOMbIX MO)KCT OCHOBblBaTbCH Ha 3Ha- 
HHH 3KOJIOrH4eCKHX HHUI H UHKJIOB pa3BHTHH: OHa HMeeT B03MO)KHOCTb HOCTOBHHO 
cjiHHaTb Mop(|)OJiorHHecKHe AaHHbie c 3KOjiorw4ecKHMH h mobcct nojib30BaTbc» napa- 
3MTOJiorHHecKHMH MeToaaMH h 3aKOHOMepHocT»MH. flanee aBTop noABepraeT kphth- 
HecKOMy aHajiH3y MeTOAbi h HTorw cHCTeMaTH4ecKHx HccjieaoBaHHH paccMaTpHBaeMofi 
hm rpynnbi; hx cjia6ow CTopoHow jibjibctcb, no ero MHeHHio, noBepxHOCTHoe HccJie- 
AOBaHHe MOp(J)OJ!OrHH B3pOCJlbIX OCOÓeH, MeM OH H OÓOCHOBblBaeT Heo6xOflHMOCTb 
aeTanbHOH peBH3nn 3Toro ceMeficTBa, npHHeM npe/uiaraeT nojioacHTb b ee ocHOBy npeac/ie 
Beero Hccjie.aoBaHMe reHHTajiHH. 

B maBe „3HaHeHHe HeKOTopbix acneKTOB nccjie < aoBaHHH ,> aBTop aHajiH3«pyeT tbkco- 
HOMHHecKyio npwroAHOCTb BHeuiHefi Mop4>ojiorHH HMaro h reHHTajibHoro annapaTa 
caMua, a Taoce TaKcoHOMHHeacoe 3HaneHne jihmhhkh h mhhbi. Oh cHHTaeT, hto Tpyji- 
HocTb nocTpoeHHB cucieMbi ceMeficTBa Agromyzidae Ha ocHOBaHHH BnemneH Mop<j)o- 
JIOTHH B3pOCJlbIX OC06eft 3aKJIK)4aeTC5I, C OAHOH CTOpOHbl, B HeyjIOBHMOCTH BHeiilHHX 
pa3JII1HHH MOKZiy MHOTOHHCJieHHblMH B 3TOH rpynne BHflaMH-ABOHHHKaMM (siblillg spec- 

iea), a nacTO aaace h Meacjiy BimaMH .aajieKo He poflCTBeHHbiMH, KOTopbie onpejjejie- 
Hbi aBTopoM KaK BHAbi-nceBjioABOHHHKH (pseudo-sibling species); c .apyron croponbi, 
— b uiHpoKOM MacuiTa6e BHyTpnnonyjiflUHOHHOH h3mch4hbocth. Abtop o6cy5K,aaeT npn 
3tom yace H3BecTHbie cjiynaH no;iHMop(j)H3Ma (nojiwxpoMaTH3Ma) h perHCTpupyeT He- 
CKOJlbKO HOBbIX npHMepOB 3TOrO HBJieHHfl. 

Abtop yTBepacaaeT, hto reHHTajibHbiw annapaT caMna, no chx nop noHTH coBceM 
He iicnojib30BaHHbiH cncTeMaTHKOH ceMewcTBa Agromyzidae, npejicTaBJifleT Gojibujyio 
TaKCOHOMHHeCKyK) UCHHOCTb BCJieflCTBHe CHJlbHOH ero AH(t)(J)CpeHUHpOBKH b npe/iejiax 
rpynnbi npn OTHOCHTejibHo cjiaóon BHyTpHnonyjiBUHOHHOH H3MeH4HBocni; Ha Ba^KHoe 
ero 3HaneHHe yKa3biBaeT BbicoKaa cTeneHb Koppejiaunn reHHTajibHbix npn3HaKOB c ecTe- 
CTBCHHblMH 6HOTH4eCKHMH npH3HaKaMH. 3Ta BHflOBaH CneUH(j)HKa — KOTOpyiO HeJlb3fl 
OÓbflCHHlb OAHOH TOJlbKO CJIOHCHOCTbK) CTpOeHHH reHHTajiHH — MOHCeT CJiy^KHTb nOflTBep- 
)K^eHHeM HaJlHHHH MexaHH4eCKOfi H30JIBUHH, nOHHMaCMOH, OJIHaKO, MCKJlIOHHTeJlbHO 
KaK oTpnuaTejibHbiH (J)aKTop nojioBoro OTÓopa. Abtop npuBo^HT, c oahoh CTOpOHbl, 


http://rcin.org.pl 


115 


Introduetion to a Royisiou of Agromyzidae 


181 


pflfl npHMepoB, noKa3biBaiomHx, KaK jierKO mohcho pa3JiHHHTb bhju>i H3 Tpy;jHbix rpynn, 
cpaBHHBan reHHTajibHbie annapaTbi HMaro; c jipyron CTopoHbi, oh TaKHM o6pa30M 

BblflBJlflCT BHflOByK) HJieHTHHHOCTb HCCKOJlbKHX (J)OpM, paHee OIlHCaHHbIX TOJlbKO no 
BHeiHHHM MOp(J)OJ10rHHeCKHM IipH3HaKaM. BBHjiy CJIOHCHOCTH CTpoeHHH rCHHTaJIHH npH 
BbicoKOH cTeneHH hx ^H(})(|)epeHUHpoBKM b npejiejiax rpynnbi, HCCJieaoBaHHe reHHTajib- 
Horo annapara ABJiaeTca Heo6xoAHMbiM ycjiOBHeM ycTaHOBJieHHH ecTeTCBeHHoro po,a- 
ciBa bhaob. Abtop yTBepwjiaeT, hto, npoBojifl KjiaccH(J)HKauHio, oriwpaiomyiocH TaKxce 
h Ha wccjieAOBaHHH reHHTajibHbix annapaTOB, Heo6xoAHMO GyaeT pa36wTb Majionn- 
cjieHHbie, HCKyccTBeHHbie, oÓLunpHbie pojjbi Ha óojiee MHoroHHCJieHHbie, ecTecTBeHHbie 
poAbi, b GojibiHHHCTBe cjiyMaeB óojiee MejiKwe, KOTopbie 4acTo hbjijuotch rpynnaMH 
ÓHOTHHecKH BMKapHpyłoiuHx BHflOB, nHTaiomHxc5i Ha poACTBeHHbix KopMOBbix pacTe- 
hhbx. ripn HacTHHHOH pcBH3HH no/iceMeHCTBa Phytomyzinae aBTopy y^ajiocb BbmejiHTb 
uejibiu pan ecTeTCBeHHbix rpynn bhaob. Ilpn 3tom hm 6biJin onpejjeJieHbi THnoBbie 

BHJlbl TpCX HOBbIX pOflOB. 

flpH óojiee aeTajibHOM HCCJieaoBaHHH MopcjiojiorHH HMaro oÓHapyrcHBaeTca CB«3b 
Meac/iy npoueccaMH jiHBepreHUHH bo Bcex cia < aH»x UHKjia paaBHTHH, a TaKace mhhmoctb 
noHKHjioroHHH h HHKOHrpy3HUHH. BBHjay HanpaBJieHHOH h napajiJiejibHow sbojhouhh 
HaH6ojiee njiacTHHecKnx jihhhhohhmx opraHOB (cnHpaicyji), CTpoeHHe jihhhhok oxa3bi- 
BaeTCH MeHee jiH(t)(j>epeHUHpoBaHHbiM b npe / ae;iax rpynnbi h MeHee cneuH<{)HHHbiM neM 
CTpoeHHe reHHTajibHbix annapaTOB. \ n«TH bhaob aBTop o6Hapy>KHJi uhkjiomop4)H3m 
(ce30HHblH AHMOp({)H3M) JIHHHHOK. 

Abtop oTMenaeT, hto npn onpe/iejieHHH bhaob MHHHpyioinHX HaceKOMbix no Kop- 
mobmm pacTeHHBM h mhhbm npHMeHBeTCH MeTOfl pacno3HaBaHHB napa3HTOB no HX 
xo 3 «eBaM h HaoóopoT (host-parasite discrimination method). Bojiee jieTajibHoe wccjie- 
AOBaHHe Mop(J)OJiorHH uejioro pana (JiopM, yace paHee BbwejieHHbix Ha ocHOBaHHH mhh 
h KopMOBbix pacTeHHft, noATBepjiHJio npHHazmeacHOCTb mhothx H3 hhx k HHCJiy Aen- 
CTBHTeJlbHO XOpOLUHX BMJIOB, HTO TBK)Ke yKa3bIBaCT Ha ÓOJlbUJOe 3HaHCHHe ÓHOTHHeCKHX 
npH3HBKOB flJIfl TaKCOHOMHH. 

B rnaBe „HanpaBjieHHB 3 BOJ 1 k>uhh" BbiBBjifleTca HCKyccTBeHHOCTb h ropH 30 HTajib- 
HbiH xapaKTep MHornx npHH«Tbix b HacToamee BpeMH TaKcoHOMHHecKHx jiejieHHH, 
KOTopbie, no MHeHHio aBTopa, ycTaHaBJiHBaiOT nojiH^HJieTHnecKHe „CTaAHajibHbie” h 
„ oTpHuaTejibHbie” rpynnbi, a He rpynnbi MOHO(J)HJieTHHecKHe. B npeaejiax paccMaTpn- 
BaeMoro ceMencTBa aBTOp BbmejiHJi h HccJieflOBaji neTbipe HanpaBJieHHH napajuiejib- 
HOH 3BOJIIOUHH, npHHCM eMy y/jaJIOCb OTH3CTH BblflBHTb HX a/ianTHBHbiH xapaKTep — 
CBH3b c napa3HTHHecKHM o6pa30M xcH3HH jihhhhok. yMeHbiueHue pa3MepOB TeJia B npo- 
uecce (JiHJioreHeaa aBTop o6i>HCHfleT npeaczie Bcero jieiłcTBHeM napa3HTOJiorHHecKoro 
npaBHjia HARRisoN’a; oh nbiTaeTca CBinaTb c 3 thm npoueccoM peayKiuuo h Kocrajib- 
Hyio KOHueHTpauHio ^khjikobuhhh KpbiJia (cBjnaHHyio, KpoMe Toro, C MexaHHKOH no- 
jieTa), a TaKace pejiyKUHio lucthhok. YBejiHHeHHe b oobeMe h pa3BeTBJieHne cnnpaKyji 
jihhhhok, a Taxxce yMHoxceHHe AbixaTejibHbix nop, aBTop paccMaTpHBaeT KaK ycosep- 
uieHCTBOBaHne AbiKaTejibHoro annapaTa b ycjioBHBx 3H.ao(})arH3Ma, a HHor,aa h KaK 
aaanTauHło ero k npHKpennTejibHOH (JjyHKUHH. Abtop OTMenaeT, hto napajuiejibHaji 
opT03B0JiK>UHH b npe,aejiax rpynnbi He Bcerjia cB«3aHa c awBepreHTHbiM BH,aoo6pa30- 
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BaHneM h hto a o M3BecTHOH CTeneHM HaMeHaeTCH KaK 6bi nepeKpemHBamie 3Twx nByx 
nyTew 3 bojik>uhh. 

,,3aMeHaHH» no Bonpocy o BbiGope KopMOBbix pacTemin MHHupyiomHMH nByKpbi- 
jibiMH’ ł HaHHHałOTCfl rnaBOH ,,CneuH(|)HKa kopmobmx pacTeHnn”, b kotopom aBTop 
noiinepKHBaeT, hto y3Knn CHCTeM&THHecKHH ojiHro(j)arn3M 3HaHHTejibHo npeo6nanaeT 
KaK na a CTpornM MOHo<|)arH3MOM, TaK u Han CHCTeMaiHHecKHM onnro(j)arH3MOM Bbic- 
lumx CTeneHen, Han nn3bK)HKTHBHbiM ojinro(|)arH3MOM u Han nojiH(J)arH3MOM. /lonycKaa 
B03Mo^KHocTb nepexona ojiHro(J)arH3Ma b KceHO(j)arH3M (b óojiee iunpoKOM CMbicne), 
aBTop coMHeBaercfl b npaBHJibHOCTH npviBonHMbix b nHTepaType npuMepoB KceHO(|)arH3Ma 
(b 6oJiee y3KOM cMbicjie). 

B rjiaBe „BnHHHne HeKOTopbix (j>aKTopoB Ha Bbióop kopmobwx pacTeHUM” aBTop, 
nbiTaacb pacKpbiTb npHHHHbi otkjiohchhh ot CHCTeMaTunecKoro onnro({)arH3Ma, npn- 
xonm k BbiBony, hto Ha Bbióop (J)MTO(j)aroM KopMOBoro pacTeHMH MoryT 0Ka3aTb bjih- 
flHHe, KpoMe cneuH(t)H4ecKHX pacTHTejibHbix npoTenHOB, tbk^kc h „npnBjieKaiomHc 
BemecTBa'’; 3aTeM nrpaeT ponb reorpa(J)HHecKoe pacnpocTpaHeHHe pacTeHHH u aHaTo- 
MHHecKHe nepTbi nonBepaceHHbix Hananemiło ero opraHOB, cBjnaHHbie b cbok> onepenb 
c (J)opMOM pocTa h 3KOJiornHecKHM THnoM pacTeHHfl. 3Hno(J)arHHecKne jihhhhkh nBy- 
KpbiJibix, HepBeo6pa3Hbie no CBoeMy CTpoeHHło, rnnpo(J)HjibHbie u TeHemoGuBbie, H3- 
óerałOT TBepnbix (KoacHCTbix) nucTbeB, a Taoce jiHCTbeB cjihlukom mcjikhx (KOTopbie, 
BnponeM, He Mornn 6bi npenocTaBHTb hm nocTaTOHHoro KonunecTBa nHTaHHJi); ohh 
npennoHHTawT rnnpo(f)HTbi h Me30(J)HTbi Kcepo(J)MTaM h TpaBHHiiTbie pacTeHHH — ne- 
peBHHHCTblM. 

B rnaBe „PacnpeneneHHe 4>ayHbi Agromyzidae Ha pacTHTenbHocTH" aBTop nbiTaeTcs 
noKaaaTb, hto (J)ayHa 3tmx nByKpbiJibix 33bhcht npeacne Bcero ot ipo(J)H3Ma noHBbi: 
3TO BbITeKaeT He TOJlbKO H3 TOTO, HTO paCTHTeJlbHOCTb OJlHrOTpO(j)HHeCKHX nOHB CKynHa, 
ho TaKace h H3 4>aKTa, hto b HeH npeoónanatoT KcepoMop(|)MHecKne BHnbi. KpoMe Toro, 
Bnaacnaa cpena 6onee 6naronpHHTHa, neM cyxaa ł 3aTeHeHHaa jrynine He3aTCHeHHon, 
cyócTpaT He 3aJiHTbiH boaoh oónanaeT HecoMHeHHbiMH npeHMymecTBaMH nepen cy6- 
cTpaTOM 3ajiHTbiM h TpaBBHHCTaH pacTHTejibHocTb nepen nepeBBHHCTOM. 3Ty pa3HO- 
poAHyio 3aBHCMMocTb aBTop HnmocTpupyeT, Hcnojib3ya cpaBHCHHe (J)ayHbi HecKOJibKMX 
TwnoB jieca nojibCKon HH3MeHHOCTM. ripn nepexone Ha pacTHTejibHbie cooómecTBa, 
cBHiaHHbie c onnroTpo(J)HHecKHMH noHBaMH, oh KOHCTaTHpyeT pe3Koe noHH)KeHHe hhc- 
jieHHocTH BHnoB h ocoóeii ceMeMCTBa Agromyzidae . 3to HBneHue o6bHCHHeTCH, no ero 

MHCHHK), OTCyTCTBHeM nOHTH BCeX BHnOB KOpMOBbIX paCTCHHH. Be/lHOCTb (J)ayHbi Tanrn, 
TyHnpbl H CpeZlH3eMHOMOpbH no CpaBHeHHK) C (J)ayHOH 30Hbl JlHCTBeHHbIX H CMemaH- 
Hbix necoB b EBpone, a Tao<e óenHocTb ee b BbicoKoropHon 3one no CpaBHeHHK) c hh>k- 
Hew necHOH 30H0H, TO>Ke npunHCbiBaeTCfl aBTopoM b nepByK) onepenb npeoónanaHHK) 
KCepOMOptfjMHeCKOH paCTHTejlbHOCTH. 

B rnaBe „Cejnb nnmeBOH cneuHammuHH c BHnoo6pa30BaHneM ł ’ aBTop noKa3bi- 
BaeT, hto b 3bojik)uhh b npenenax paccMaTpHBaeMon hm rpynnbi noMHHHpyeT npouecc 
cywemia Kpyra KopMOBbix pacTCHHH, cneuH(J)HHHbix nna OTnenbHbix bh/iob (JjuTot^aroB, 
h CTpeM/ieHue k MOHO(J)arH3My. OnnaKo Hapany c 3thm HaGnionaeTCH h 3KcnaHCH« Ha 
BTOpHHHbiX X035ieB. ponCTBeHHbIX HJ1H He pOnCTBCHHb!X nepBOHaHanbHbIM, KOTOpaB 
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HHoraa BC/ieT k nojiH(j)arH3My. OGwHpHocTb u TpaHC30HajibHbm xapaKTep apeajioB 
MHorwx bhaob ceMeficTBa Agromyzidae , nacTo Bcipenatomaflcji b 3thx apeajiax AH3b- 
tOHKUHB, a TaiOKe HaJIH4He BHAOB-flBOHHHKOB H BOOÓme BHAOB 6jIH3KOpO/lCTBeHHbIX 
B OJ1HOM M TOM >Ke paHOHe, XOTb H Ha pa3JlHHHbIX — OÓblHHO BCe )Ke pO/lCTBeHHbIX — 
KOpMOBbIX paCTeHHHX, MOHCCT CJiyHCHTb nO£lTBep)KZieHHeM CHMnaTpHHeCKOrO o6pa30Ba- 
HHH BHUOB H3 „6HOJIOrH4eCKHX pac”. ABTOp ,aOKa3bIBaeT, HTO nHTaHHe HeCKOJlbKHX 
CHMnaTpH4eCKHX BHAOB Ha OJ1HOM H TOM >Ke KOpMOBOM paCTCHHH oSbIHHO HBJlfleTCH 
TKOJiorHHecKOH KOHBepreHUHen. 

B rjiaBe „ 3 ano 3 Aajiaa 3 bojik)uhb'’ aBTOp oócywnaeT npoflBJieHHH napa3HToreHH- 
4Cckhx 3axoHOMepHOCTeH b npenejiax paccMaTpHBaeMOH hm rpynnbi napa3HT0B pa- 
CTeHHH. 3bojuouhb ceMeficTBa Agromyzidae Ha4ajiacb 3Ha4HTejibHo no3jiHee, 4eM ibo- 

JlłOUHB nOKpblTOCeMBHHblX, KOTOpbie BHOCJiejlCTBHH CTaJlH 06 jiaCTbK) 3KCnaHCHH ero BHJ30B. 
B nojib3y 3Toro yTBCp)KneHHH cBHAeTejibCTBytoT cjie^ytomne (jjaKTbi: 3Ha4HTe;ibHoe 
oojibiuHHCTBo 3thx (|)MTO(f)aroB miTaeTCH Ha Han6ojiee Bbicoxopa3BHTbix ceMencTBax 
nOKpbITOCeMBHHbIX H Ha TpaBBHHCTbIX BHiiaX; Ha ypOBHC BbICUJHX TaKCOHOMH4eCKHX 
e/iHHHU, oTcyTCTByeT napajuiejiH3M chctcm xo3«eB m napa3HT0B, a Ha ypoBHe hh3luhx 
Ha6jiłOiia k)tcb 3Ha4HTe;ibHbie oTKJioHeHua ot Hero; KpoMe Toro, BHiibi ceMeficTBa ^ igro- 
myzidae He BCTpe4ałOTCH Ha mhothx rpynnax nok*pbiToceMHHHbix. BBimy HecornacoBaH- 
hocth BH^oo6pa30BaTe;ibHoro pHTMa y xo3«eB h napa3HT0B h c;iy4aeB nepexona napa- 
3HTOB Ha BTOpH4HbIX X03«eB, pO,aCTBeHHbIX MJ1H He pOjlCTBeHHblX nepBOHa4aJlbHbIM, 
npaBHJio napajiJie^bHOH 3bojhouhh FAHRENHOLz’a He mojkct 6biTb 3,aecb ujhpoko npn- 
mchhmo. BecbMa orpaHH4eHHoe npHMeHCHHe hmcct Taioice h npaBHJio SziT)AT’a, xotb 
bo3mo)kho, 4to Agromyzidae hchjih nepBOHanajibHo b kbmGhh npHMHTHBHbix jiepeBBHH- 
BTbIX nOKpb!TOCeMBHHbIX H JlHUJb BnOCJie/lCTBHH nepeCCJlHJlHCb Ha TpaBflHHCTbie. Ho- 
cojibHo untpoKo npHMCHHMO npaBHJio EiciiLER'a, Tax xax Han6ojiee BbicoKopa3BHTbie 
ceMeiicTBa noKpbiToceMBHHbix hbjihiotch b to tkc BpeMfl ceMencTBaMH Hanóojiee 6ora- 
TblMH no 4HCJiy POHOB H BHilOB. 


SUPPLEMENTARY NOTĘ 

Ab this “Introduction” was handed over to th© editor on July 1, 1959, 
the author could not take into consideration the papers published after this 
datę, especially the most recent papers of M. Sasakawa and K. A. Spencer. 
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